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CONNECTIVE TISSUE REACTIONS IN NORMAL AND 
IMMUNIZED MICE TO A RETICULOTROPIC 


STRAIN OF 


TRYPANOSOMA CRUZI 


WILLIAM H. TALIAFERRO AND TULIO PIZZI 


From the Department of Microbiology,* The University of Chicago, Chicago 37, Illinois, and 
Departamento de Parasitologia, Universidad de Chile, Casilla 9183, Santiago de Chile 


The large amount of work on the 
general pathology and histopathology 
of Chagas’ disease in man has been sum- 
marized by Chagas et al (1929) and 
Torres (1941). Detailed studies, espe- 
cially of heart iesions, have been made 
by many authors, for example, by 
Mazza et al (1939) and Torres and 
Duarte (1948). In animals, 
mention should be made of the reports 
by Mazza and Jérg (1935a and 1943) 
and Wood (1937). Wood made an ex- 
cellent study of Trypanosoma cruzi in 
the blood and reticular tissues of a small 
series of Peromyscus californicus, the 
white-footed mouse. 


special 


The early investigators (see Chagas 
et al, 1929) emphasized that the leish- 
maniform stages of Trypanosoma cruzi 
have a predilection for (1) heart and 
skeletal muscle and (2) reticulo-endothe- 
lial, glial and fat cells. Other authors, 
notably de Souza Campos (1929), Dias 
(1932 and 1934) and Mazza and his as- 
sociates (1935a and b and 1943), empha- 
sized the importance of macrophages as 
host cells for the infection. These au- 
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Graves 


thors, in general, studied terminal stages 
of the infection. 

More recently, it has been found that 
strains of parasites differ in their tissue 
tropism and that the genetic constitu- 
tion of the host plays a major role in the 
virulence of the parasite. In an experi- 
mental study of various strains of the 
parasite in pigs and dogs, 
Badinez (1945) found some that were 


guinea 


chiefly myotropic and others that were 
chiefly reticulotropic. In the same year, 
Pizzi found that the myotropic strain 
only rarely parasitized reticulo-endo- 
thelial cells but localized largely in the 
heart, skeletal muscle, smooth muscle of 
the intestines and adipose tissue. Both 
Hauschka and Pizzi et al emphasized 
the importance of the genetic constitu- 
the Hauschka (1949) 
showed clearly that by using highly 
homozygous male mice of inbred stock, 


tion of host. 


two strains of 7. cruzi exhibited well- 
defined and constant differences in viru- 
lence, degree of affinity for certain host 
tissues, susceptibility to Bayer 7602, 
and 


response to environmental 


tem- 
perature. One of his strains was prob- 
ably similar to the strain used in the 
present study. Pizzi et al (1948-1949 
and 1949) found that the reticulotropic 
the 


remarkable 


study ex- 
dif- 


inoculated 


strain used in 
hibited 
ferences in 
into 8 inbred 
strains of mice. Pizzi and Prager (1953) 
found further that the highest virulence 
was exhibited in C;H mice and that the 


present 
and constant 
virulence when 


different standardized 


infection could be standardized by con- 
tinuous passage in them. 
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In the present investigation, particu- 
lar attention is paid to the elective loca- 
tion of the reticulotropic strain of T. 
crust within different connective tissue 
cells and the general connective tissue 
reactions of C;H mice to the infection. 
The authors believe the work is signifi- 
cant because it is, as far as they know, 
the first detailed study of the connective 
tissue reactions to a reticulotropic strain 
of T. cruzi in a genetically standardized 
host. It indicates the early systemic 
invasion of the fixed macrophages by 
this strain as contrasted to the minor in- 
vasion of these ce'ls by the myotropic 
strains. It shows the intense but essen- 
tially non-effective reactions of the lym- 
phoid-macrophage system* in nonim- 
munized mice as compared to the milder 
but generally effective reactions in im- 
munized animals. Finally, it shows the 
differential phagocytic activity of con- 
nective tissue cells against highly viru- 
lent blood stages and low virulent cul- 
ture forms in the nonimmunized host 
and the enhanced activity of macro- 
phages, especially inflammatory macro- 
phages, against virulent parasites in the 
immunized host. 

Our terminology for the connective 
tissues cells is given by Taliaferro and 
Bloom (1945) and Taliaferro (1949). We 
have designated as inflammatory macro- 
phages those large free activated phago- 
cytes which have mobilized directly 
from fixed reticular, littoral or adventi- 
tial cells or have developed heteroplas- 
tically from agranulocytes. We have 
designated as medium or intermediate 
polyblasts, the inflammatory macro- 
phages intermediate in size and nuclear 
structure between agranulocytes and 


*A combination of the reticulo-endothelial 
system of Aschoff and the lymphoid system, 
which includes, among other cells, all macro- 
phages and nongranular leucocytes and cells 
intermediate between them (Taliaferro and Mul- 
ligan, 1937, and Taliaferro, 1949). 
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large macrophages, which have lost 
their typical lymphoid or monocytic 
characteristics. 


MATERIALS AND METHODS 


A highly inbred strain of C,H mice (see Law, 
1948, and Committee etc., 1952) of mice was 
used exclusively and was originally obtained from 
Jackson Memorial Laboratories and has been 
maintained by inbreeding and genetic control in 
the Department of Parasitology of the University 
of Chile since 1946. Equal numbers of about 
2-month old males and females were ordinarily 
used (table 1). The dogs were 6-week old puppies. 

The strain of 7. cruzi was isolated from Tria- 
toma infestans found in the northern part of Chile 
in 1945 and was maintained until 1950 by passage 
through dogs, guinea pigs and mice. In 1950, it 
showed an irregular virulence and a marked 
tendency to develop in reticular cells of the 
reticular tissues, littoral cells, fibroblasts and 
histiocytes of the loose connective tissue and fat 
cells. The invasion of muscle fibers (including the 
heart) was comparatively rare (Bad{inez, 1945). 
From 1950 on, the strain has been maintained by 
regular serial transfer every 10 days in C;H mice 
with the result that the virulence of the parasite 
has been stabilized and the infection standardized 
(Pizzi and Prager, 1953). It has also been main- 
tained in culture for 7 years by serial transfer 
every 10 days in Senekjie’s (1943) medium. These 
culture forms show a marked diminution in 
virulence and have been used for immunization 
(see below). As shown in table 1, series of mice 
were infected and challenged once with virulent 
trypanosomes suspended in 0.85% sodium chlo- 
ride and were immunized once with low virulent 
culture forms, mainly crithidial and leishmani- 
form parasites. Subcutaneous injections were 
made laterally on the midback in a shaved area. 

Parasitemias were obtained from daily parasite 
counts by the following method (Pizzi et al, 1949; 
Jarpa et al, 1950, and Pizzi and Prager, 1953): A 
measured quantity of blood (5 ui) was obtained 
from the tail with a specially marked hemoglobin 
pipette, was put on a slide and covered with a 
plastic cover slip measuring 22X22 mm which 
had been ruled in mm. The parasites were then 
counted on a whole or a part of the slide depend- 
ing upon their number and are given in text 
figure 1 per ul blood. 

Various tissues were taken from the following 
three types of infections: (1) Six series of nonim- 
mune mice were infected with virulent blood 
trypanosomes (virulent infection). (2) Three 


series of mice were immunized with low virulent 
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TABLE 1.—Data* on 215 mice and 6 dogs infected with T. cruzi. Two or more normal 
mice were always included in each series. 


First injection 


Num aes ie 
Series* berof be Millions 
mice weeks Type of Route of parasites 
parasite p 
per mouse 
i 20 7 Vir.t IP 0.15 
2 20 8 Vir IP 0.15 
3 10 * Vir IP 1.0 
4 10 10 Vir IP 0.06 
5 40 » Culturet IP 3.5 
6 40 & Culture sc 150.0 
7 15 10 Vir sc 2.0 
s 20 5 Vir SC 1.1 
9 40 11.5 Culture sc 180.0 
Dogs 
10 6 6 Vir IP 2.0 


201 
Days Challenge injection Used in 
bet ween 
Ist and Millions of 
2nd Type S Route parasites Plate Figure ‘ 4 
injection Sue per mouse gu 
1 4 
1 5 
5 2 
4 1 
4 4 
5 5 
1 2 
3 1 
4 2 
5 1 
5 4 
] 3 
23 Vir IP 0.75 
24 Vir sc 2.0 1 ] 1 
2 1-4, 6,7 
5 2 
2 
22 Vir SC 3.2 2 5,8 ] 
i i 
4 ; 


* For embedding and staining methods, see Materials and Methods. 


+ Virulent blood trypaniform parasites. 
t Low virulent culture forms. 


trypanosomes (immunizing infection). (3) Three 
series of mice immunized as in (2) were chal- 
lenged with virulent blood trypanosomes (im- 
munized and challenged mice). In the series in 
section 1, one or two mice were killed every day 
for 10 days (or as long as mice lived). In the series 
in section 2, one mouse was killed every other day 
through the 22nd to 24th day. In the series in 
section 3, one mouse was killed every day for 10 
days, every other day for 2 weeks and every 3rd 
or 4th day for a month longer. In addition, in 
each section, extra mice were killed at earlier 
intervals. Two or more normal mice were killed in 
each series. For comparative purposes, tissues 
from 6 dogs were studied. Dogs usually died in 30 
to 35 days. Occasionally one recovered. Thus, the 
infection in them was less acute than in mice. The 
reader is referred to table 1 for various details in 
regard to these series. 

The following tissues were prepared for study 
from freshly sacrificed animals: skin, spleen, right 
inguinal and lumbar-aortic lymph nodes, bone 
marrow, thymus, adrenals, liver, skeletal muscle, 
heart, lungs and pieces of the small and the large 
intestine. These will be considered in succession 
under experimental results. They were immedi- 
ately fixed from 4 to 6 hours in Zenker-formol (9 
parts of Zenker's solution without acetic acid to 1 
part of neutral formalin). Series 1 through 5 and 
10 were embedded in celloidin and, after section- 


ing, were stained with hematoxylin-eosin-azure 
II, according to Maximow (see Buchsbaum and 
Loosli, 1936). In series 6 through 9, the same 
staining method was used after a combined em- 
bedding technique with celloidin and paraffin ac- 
cording to Péterfi (1921, also see Langeron, 1949). 
Stretch preparations of subcutaneous connective 
tissue and omentum were usually wet-fixed for 15 
minutes Zenker-formol with 
hematoxylin-eosin-azure II. A few were dried in 
air and stained with Giemsa. 


in and stained 


EXPERIMENTAL RESULTS 


The life cycle of T. cruzi in the mam- 
malian host, which involves intracellu- 
lar multiplication of the nonflagellated 
leishmania tissue stage and not of the 
trypanosome blood stage, has been 
adequately described by many authors 
(see Wenyon, 1926; Brumpt, 1949; and 
Hoare, 1949). For purposes of orienta- 
tion, however, the course of infection of 
the reticulotropic strain in C;H mice 
will be briefly described as reported by 
Pizzi and Prager (1953). Following the 
injection of 150,000 or more virulent 


trypanosomes subcutaneously, trypano- 
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somes rapidly infected host cells of the 
local area and transformed into leish- 
mania stages which divided by binary 
fission approximately every 12 hours for 
about 3 days. Then, most parasites 
retransformed into trypanosome stages 
and invaded the blood stream. Since 
such forms reinfected host cells in vari- 
ous tissues at irregular intervals to 
reinitiate multiplicative leishmaniform 
stages, reproduction ceased to be syn- 
chronous. The parasitemia increased in 
intensity from the 3rd day to a peak 
on the 9th to 11th day, at which time 
most of the mice died. (A few lived to 
15 days.) It is interesting that slender 
trypanosomes were numerous at the 
start of the parasitemia, but steadily de- 
creased thereafter (text fig. 1, non- 
immune). When about 60,000 
virulent trypanosomes were injected 
(series 4), the course of the infection was 
essentially similar, but an occasional 
mouse lingered on until the 23rd day. 
Low grade infections which were usually 
nonlethal followed the 


only 


injection of 





4 
Nomimmune 


& 


wae 


Porasites per «/ biced 


a 





5 
Slender forms 


In nonimmune 


7 6. ee oS 
Days 

















Text FIG. 1.—Mean parasitemia in nonim- 
mune and immune mice and the changes in num- 
ber of slender forms in the nonimmune group 
(series 6, see table 1 for details). 
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culture forms into normal mice (Pizzi 
and Prager, 1952) or of virulent trypano- 
somes into mice immunized 21 to 24 
days (text fig. 1, immune). 


Loose connective tissue: skin 


Two types of skin preparations were 
made. The first one involved sections of 
skin from the dorsolateral area of mice 
inoculated by the intraperitoneal route. 
The second one involved stretch prepa- 
rations of the subcutaneous loose con- 
nective tissue in 
ously injected. 

Virulent infection.—The sections from 
intraperitoneally infected animals were 
studied chiefly to ascertain the intra- 
cellular localizations of the leishmania. 
A few parasites were first found on the 
5th day in macrophages, fat cells and 
fibroblasts of both the derma and hy- 
podermis. They increased in number. 
From the 9th to the 15th day (the last 
day on which any animals survived in 


the area subcutane- 


this particular series), numerous in- 
flammatory foci were scattered through- 
out the derma and hypodermis. Within 
these areas, parasites were found in 
medium polyblasts in addition to the 
cells previously mentioned (pl. 1, fig. 2 
and cf. also pl. 1, fig. 1 from a dog). It is 
interesting to note how wet and dry 
fixation in the stretch preparations 
affected cells (cf. pl. 1, fig. 1 with pl. 5, 
fig. 4). 

In stretch preparations at or near the 
site of subcutaneous inoculations, a few 
parasites were found on the Ist day. 
They rapidly increased in number and 
were numerous by the 3rd day. They re- 
mained at this high level throughout the 
rest of the infection (9 days was the 
longest survival time in this series). Mild 
inflammatory foci appeared on the 3rd 
and 4th days and continued to be pres- 
ent as in the animals inoculated intra- 
peritoneally. The majority of the leish- 
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maniform stages found in host cells were 
normal in appearance. Only occasional 
ones appeared damaged within hema- 
togenous macrophages in these initial 
infections. 

Immunizing infection.—Stretch prep- 
arations were studied at early intervals 
alter the subcutaneous injection of low 
virulent culture forms. At 6 hours, free 
crithidial forms occurred in large num- 
the 
were being actively phagocytosed and 


rhe 
crithidia apparently became leishmani 


bers in subcutaneous tissue and 


destroyed by local macrophages. 


form shortly after injection. Inflam- 
matory reactions were more intense than 
in the preceding group, and more 
heterophils were present during the first 
few hours. Occasional heterophils con- 
tained one or two parasites. In contrast, 
virulent parasites were prac tically never 
seen in heterophils. At 14 hours and 
thereafter, hematogenous macrophages 
became increasingly important in re- 
moving parasites. Intense phagocytosis 
occurred at 24 hours. Thereafter, only a 
few parasites were found in the local 
area or elsewhere in the skin. 
Immunized and challenged mice 

Stretch preparations of the subcutane 
ous loose connective tissue at or near the 
site of the cha!lenging inoculation were 
especially valuable for comparing this 
group with the preceding groups. In 
marked fatal 


virulent parasites, although numerous 


contrast to infections, 


on the ist day after inoculation, de 
creased markedly for 2 days and stayed 
at this low level for 9 days. Most of them 
were destroyed in inflammatory macro- 
phages in the first several hours. With 
few exceptions, that were probably due 
to variability in the host response, in- 
tense inflammatory foci were continu- 
ously present from the Ist day. Thus, in 
the immune as compared to the non 
immune mice, parasites 


were more 
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rapidly destroyed and inflammation 


was more intense 


Spleen 
Normal mice.—The histology of the 
mouse spleen has been adequately de 
scribed by Murray (1948), Snook (1950) 
and Singer (1954) 
lymphatic 


In our material, the 
the 
periphery of the dense lymphatic tissue 


nodules occurred at 
of the periarterial sheaths of white pulp 
They were arranged in general as were 
the nodules in the cortex of the lymph 
The 


surrounded by 


nodes. sheaths 


periarterial were 
what Snook and others 
term the marginal zone and what we, 
following Taliaferro and Cannon (1936) 
and Mulligan (1937), 


term the transitional zone. The nodule, 


Taliaferro and 


when located next to the transitional 


zone, was separated trom it by cleft- 


like spaces which Snook terms the 
perifollicular spaces. Snook reported 
that the nodular arteries empty di- 
rectly into the perifollicular spaces. 


Singer described the perifollicular spaces 
cleft-like 


spaces which were lined by cells closely 


as a senes olf anastomosing 


resembling the littoral cells of the 
venous sinuses. He believes they may 
actually be venous sinuses. Knisely 


(1936) described a closed vascular svs 
tem between the arterial capillaries and 
either the venules or venous sinuses. It 
that Snook 


classified the mouse spleen as nonsinusal 


should be further noted 
or as having primordial veins in the red 
pulp rather than true sinuses. 

In uninfected animals, the lymphati 
nodule was composed chiefly of small 
lymphocytes and generally contained a 
small germinal center in which varying 
numbers of large and medium lympho 


In addi 


transitional 


cytes were undergoing mitosis 


tion, there were many 


stages between reticular cells and large 


We 


with 


basophil lymphocytes 


agree 
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Legends for Plates 


All drawings and photomicrographs are from tissues from C,H mice, either normal or infected with 
T. crusi, except for figure 1 in plate 1 and figure 3 in plate 4, which are from a dog. All drawings were 
made with the aid of a camera lucida, For injection data, see table 1, and for the histological techniques, 
see Materials and Methods 


PLATE 1.— Drawings from the skin and spleen. x 1500 

Fic. 1.-—-Infected macrophages and fibroblasts in a stretch preparation of the subcutaneous fat 
tissue from a 25-day infection with virulent parasites (series 10 from a dog) 

Fic. 2.-—Infeected fibroblasts in the derma from a 13-day infection with virulent parasites (series 2) 

Fic, 3.--Red pulp of the spleen from a 6-day infection with virulent parasites (series 6). Plasma 
cells are arising from the basophil precursors of red cells. 
Fic. 4.--Infected macrophages in the red pulp of a spleen from a 7-day infection with virulent para- 
tes (series 1) 


Fic. 5.--Portion of a lymphocytopoietic center of a splenic nodule in a normal mouse (series 1 


showing various stages (2 to 5) in the transformation of a typical reticular cell (1) into a large basophil 


ymphocyte (6) 


PLATE 2.-—-Photomicrographs of spleens. «24 

Fic, 1.-——Uninfected mouse (series 6) 

Fic. 2, 3 and 4.—-Mice infected 4, 9 or 10 days previously with virulent blood forms (series 6) 

Fic. 5.—Immunized mouse infected 20 days previously with low virulent culture forms (series 9) 

Fic. 6 and 7.--Immune mice challenged 6 or 10 days previously with virulent trypanosomes 
(series 6 

Fic. 8.--Immune mouse challenged 11 days with virulent blood forms (series 9). Note more lymphoid 
hyperplasia and much less myelopoiesis than in figure 7 


PLATE 3.--Drawings from peripheral lymph nodes. & 1500 

FG. 1.--Medullary and cortical areas in a peripheral lymph node from a 14-day infection with 
virulent parasites (series 2). The cortex contains areas of erythropoiesis. Note the cyst-like macro- 
phages 

Fic. 2.--A portion of the medulla of a peripheral lymph node from a 7-day infection with virulent 
parasites (series 1), Note the presence of monocytoid lymphocytes (M) transitional in structure be- 
tween lymphocytes and monocytes, and of medium-sized polyblasts (M Pbl). The macrophages with 
the peculiar nuclei (Mac) may be early stages in the formation of the macrophages in figures 1 and 3 
of this plate 

Fic. 3.--A portion of the medulla of a peripheral lymph node from a 23-day infection with virulent 


parasites (series 4) 


PLATE 4.-—-Drawings from the thymus, cartilage and bone. 1500. 

Fic. 1.—Reticular cells in the cortex of the thymus from a 7-day infection with virulent parasites 
(series 1). Note that some cells contain only parasites and others only cellular debris 

Fic, 2.--Cartilage from a 7-day infection with virulent parasites (series 2). Note the chondrocyte 
infected with leishmaniform T. cruzi 

Fic, 3.--A portion of the cortex of the thymus from a 7-day infection with virulent parasites (series 
10 from a dog). Note the infected reticular cell and the exposure of reticular cells due to the loss of 
lymphocytes (thymocytes) 

Fic. 4.--Bone from a 7-day infection with virulent parasites (series 1). Note the osteocyte infected 
with leishmaniform 7. crusi 


PLate 5.—Drawings from the liver, intestine and omentum. 1500 

Fic. I \ Kupffer cell in the liver packed with normal-appearing leishmaniform parasites. From an 
11-day infection with virulent parasites (series 2) 

Fic. 2,—A small inflammatory focus in the liver from a 9-day infection with virulent parasites 
(series 6), Inflammatory macrophages are clearing up parasites and debris probably caused by the 
rupture of a cell similar to that in the preceding figure. Note that some of the parasites, especially in 
the upper left, appear damaged 

Fic, 3 \n infected adventitial cell in the intestine from a 4-day infection with virulent parasites 
(series 1 


Fic. 4.--An infected macrophage in an omental stretch preparation dried in air and stained with 


Giemsa (series 2). Compare its nuclear structure with the wet-fixed specimens in plate 1, figure 1. 
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PLATE 5 


the generally 
that these transitional stages represent 


the 


accepted interpretation 


mobilization of reticular cells and 


their transformation into large lympho 


cytes (pl. 1, fig. 5). The lymphocytes 


resulting from this transformation were 


generally smaller and less basophil in 


normal than in infected mice. The 





lymphocytopoietic area was poorly de- 


fined. Under low magnifications, how- 
ever, it could be distinguished. from the 
rest of the nodule by its slightly lighter 
staining in normal animals (pl. 2, fig. 1) 
and by its darker staining due to the 
large i 


presence of lymphocytes in in 


fected animals (pl. 2, fig. 8) 
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The transitional zone consisted 
mainly of fixed reticular cells with vary- 
ing numbers of free cells. These were 
almost entirely medium lymphocytes. 
In infected the free cells were 
mixture of small and 


medium lymphocytes and at times al- 


mice, 
sometimes a 


most exclusively erythrocytes. 

The red pulp proper contained numer- 
ous small active foci of myelopoiesis in 
which could be found the entire red cell 
series from 


large hemocytoblasts to 


normoblasts. Developing megakaryo- 
cytes were also a prominent feature of 
the myelopoietic areas (see description 
1954). Although granulo- 


poiesis also occurred, it was generally 


by Singer, 


localized to sites next to the trabeculae 
or capsule and was normally restricted 
in amount. 

Virulent infection. 
the 
Thus the mean weight of the spleen in 
percent 


Splenomegaly de- 


veloped as infection progressed. 


body uninfected 
normal mice was 0.29+0.03% whereas, 
in experiment 8, after the injection of 1.1 
million 


weight of 5 


trypanosomes subcutaneously, 
the relative weight of the spleen in- 
creased until it reached 1.45% of the 
body weight on the 10th day, which was 
the longest period any mouse survived 


os 


(text fig. 2). In experiment 7, in which 
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TEXT FIG, 2, 
in percent 


Changes in spleen size expressed 
body weight in nonimmune mice 
(series 8, see table 1 for details), Each data point 
is from one mouse. 
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mice received 2 million parasites sub- 
the 
weight was more irregular but reached 
1.3% of the body weight on the 9th day. 


cutaneously, increase in spleen 


Thus, tie relative increase of the spleen 
in these 2 series was 5- and 4.6-fold, re- 
spectively. These values are more than 3 
times the enlargement reported for rats 
infecte:) with Bartonella muris by Can- 
non and McClelland (1929), but are 
smaller than those in CFI mice infected 
with Plasmodium berghei as judged by 
the cross sections published by Singer 
(1954). In immunized and challenged 
mice (text fig. 3), the enlargement more 
nearly approached Singer's findings. 

Parasites were first seen on the 4th 
day, especially in reticular cells and free 
macrophages. They began to be seen in 
inflammatory macrophages on the 6th 
day. In general, they were normal in 
appearance, but a relatively small pro- 
portion appeared damaged. They were 
never found in lymphocytes or myeloid 
stem cells. 

By the second day or shortly there- 
after, hyperplastic and degenerative 
changes proceeded concomitantly. The 
hyperplastic aspects predominated at 
first and the degenerative ones later. 
In some animals as early as the second 
day, a depletion of lymphocytes at the 
center of the nodules gave the appear- 
ance of a reaction center surrounded by 
a peripheral 


layer of predominantly 


small lymphocytes. In other animals, 
enlarged ill-defined lymphocytopoieti« 
centers contained free cells, predomi- 
nantly large lymphocytes. These 
changes were associated with the mobili- 
zation of a large number of reticular 
cells into large basophil lymphocytes. 
The mobilization was at 
the 


pulp, red 


first noted in 


nodules and later in other white 
the 
zone (pl. 2, fig. 2). For several days, 
there were only a few mitoses, chiefly 


of reticular cells. Soon 


pulp and transitional 


thereafter and 

















invariably later in the infection, many 
large and medium lymphocytes also 
divided mitotically throughout the 
spleen but chiefly in the nodules. The 
lymphocyte population of the spleen 
contained an increasing proportion of 
large lymphocytes. Before their pro- 
nounced destruction, lymphocytes mi- 
grated from the nodules into the transi- 
tional zone and into the red pulp. 

By the 4th day, many inflammatory- 
like foci occurred in the red pulp and 
frequently in the areas of myelopoiesis. 
These one to several 
rounded macrophages or outstretched 


consisted of 


reticular cells filled with parasites en- 
circled by a collection of smaller poly- 
blasts, intermediate in nuclear struc- 
ture between agranulocytes and large 
macrophages, and a few lymphoid cells 
(pl. 1, fig. 4 and ef. a somewhat similar 
focus in the liver, pl. 5, fig. 2). 

By the 6th day, the total size of the 
spleen had markedly increased and con- 
comitantly there was a pronounced 
macrophage and lymphoid hyperplasia. 
The increase in spleen size was corre- 
lated with the production of new white 
pulp. The enlarged periarterial sheaths 
extended into the frequently enlarged 
transitional zone. Along with the pro- 
duction of new white pulp, there was a 
hyperplasia of the myeloid centers scat- 
tered throughout the red pulp. In later 
stages, myeloid tissue, mostly erythro- 
poietic in nature, developed along the 
trabeculae and largely filled the red 
pulp. In general, it did not extend into 
the transitional zone (pl. 2, fig. 4), but in 
a few animals it invaded the periphery of 
the regressing nodules. 

The mobilization of reticular cells and 
their transformation into large basophi! 
lymphocytes was extensive on the 6th 
day although somewhat less than on the 
4th day. In addition, a continuous series 
of cells could be found ranging in size 
from the medium lymphocyte to the 
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large macrophage. Nuclear changes ac- 
companied this hypertrophy of agranu- 
locytes into macrophages. These find- 
ings indicated an extensive heteroplastic 
development of from 
agranulocytes as well as a direct mobili- 
zation of reticular 


macrophages 


cells into macro- 
phages. 

Degenerative processes were marked 
by the 8th day. Many areas in the peri- 
arterial sheaths and nodules were de- 
pleted of lymphocytes, and marked 
lymphorrhexis was present in both the 
white and the red pulp. In the myelo- 
poietic areas in the red pulp, the smaller 
cells of the erythropoietic series were 
frequently 
and, 


degenerate in appearance 


among the normally appearing 
cells, plasma cells predominated. The 
developing megakaryocytes possessed 
pycnotic nuclei or were obviously de- 
generate. Throughout the spleen, macro- 
phages were filled with cellular debris 
and parasites (see below). In spite of this 
extensive cellular destruction, there 
were some mitoses in the reticular cells 
and many mitoses in the larger lympho- 
cytes of the white pulp and in the 
hemocytoblasts in the myelopoietic cen- 
ters of the red pulp. 

Much of the interplay of lymphocyto- 
poiesis, the migration of lymphocytes 
into the red pulp, and the destruction 
of lymphocytes was reflected in the 
transitional zone. Early in the infection 
many small lymphocytes appeared in 
this zone as they disappeared from the 
nodules, but as the infection progressed 
the ratio of larger lymphocytes in- 
creased. At the height of lymphoid hy- 
perplasia, the transitional was 
greatly enlarged and contained pre- 
dominately large lymphocytes as did the 
white pulp in general (pl. 2, fig. 2). 
During the latter part of the infection, 
when destructive 


zone 


processes predomi- 
nated, the transitional zone lost most 


of its lymphocytes but its increased ex- 
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tent was clearly seen as reticulum de- 
pleted of lymphocytes (pl. 2, fig. 3 and 
4). 

A large number of leishmaniform 
parasites, both extracellular and within 
macrophages, occurred in the peri- 
arterial sheaths and especially in the 
reticular cells and free macrophages of 
the marginal zone, the red pulp and the 
myeloid foci. Many reticular cells lining 
the venous sinuses were largely filled 
with parasites and, although swollen, 
retained their outstretched endothelial- 
like position. It is of interest that the 
cells lining the splenic veins behaved 
similarly. If these cells actively phagocy- 
tose parasites, the process is similar to 
that previously described by Taliaferro 
and Mulligan (1937) in the small splenic 
veins of monkeys infected with malaria. 
Many of the macrophages engorged 
with cellular debris and parasites were 
degenerating. In general, their appear- 
ance was similar to that seen in the 
later stages of overwhelming infections 
of Plasmodium gallinaceum in chickens, 
as described by Taliaferro (unpublished 
work). Although most parasites were 
normal in appearance, a few, especially 
in the free macrophages during late 
stages in the infection, were obviously 
degenerate as indicated by one or more 
of the following: a swollen abnormally 
stained nucleus or parabasal body, a 
fragmented nucleus, and/or thickened 
layers of protoplasm at the cell pe- 
riphery. 

By the 9th day, lymphocytes were so 
reduced in number that areas of almost 
lymphocyte-free reticulum were appar- 
ent throughout the white pulp including 
the nodules, The perifollicular spaces, 
enlarged transitional zones and red 
pulp were also largely free of lympho- 
cytes (pl. 2, fig. 3). Both the transitional 
zones and the red pulp were markedly 
hyperemic at this time. Myelopoietic 
areas were partially depleted of lymph- 
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oid cells. Plasma cells were strikingly 
increased in the red pulp and were ap- 
parently arising in part from various 
basophil precursors of cells in the 
myeloid areas (pl. 1, fig. 3). All of the 
megakaryocytes were apparently de- 
generating. In spite of these changes, 
iess debris and actual degeneration were 
apparent than on the 8th day. 

During the terminal stages of the in- 
fection, leishmaniform parasites greatly 
increased in number in all areas. 
They were usually found in littoral 
cells, reticular cells, free macrophages, 
and polyblasts transitional between 
agranulocytes and macrophages. Occa- 
sional ones were seen in degenerating 
megakaryocytes. None was seen in 
lymphocytes, erythrocytes or hetero- 
phils. At times, atypical macrophages 
were encountered (see especially cell 
marked Mac in a lymph node in pl. 
3, fig. 2). They are probably the fore- 
runners of the peculiar cyst-like giant 
cells first described by Torres and de 
Azevedo (1929a and b; see also pl. 3, 
fig. 1 and 3). 

Immunizing infection—In the mice 
with a mean body weight of 22 g which 
were inoculated with 180 million culture 
forms, the spleen increased in size for 
about 10 days and then regressed until 
it was only slightly larger than norma! 
on the 22nd day (text fig. 3). The peak 
size was almost identical to that reached 
on the same day in mice with fatal in- 
fections (text fig. 2). The only differ- 
ence wus that the rise of relative spleen 
weight was sigmoid rather than linear in 
the nonfatal infections when arithmetic 
plots of spleen weight in percent body 
weight were made against time (cf. text 
fig. 2 and 3). 

A histological study of the im- 
munized mice revealed all the various 
processes described for the virulent in- 
fection. The changes, however, largely 
involved hyperplasia of the lymphatic 
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Text FiG. 3.—Changes in spleen size expressed in percent body weight 


(1) in nonimmune and 


(2) in immune and challenged mice (series 9, see table 1 for details). Each data point is from one mouse. 


tissue. There were strikingly fewer de- 
generative changes, less lymphocyte 
depletion and less stimulation of the 
myeloid tissue. Parasites were extremely 
scarce. 

By the 3rd day, the lymphatic nodules 
were enlarged and the lymphocyto- 
poietic centers contained a few mitoses. 
Erythropoiesis was practically normal 
in amount. By the 6th day, the white 
pulp and mitotic figures within the 
lymphatic nodules had increased still 
more, and reticular cells were mobilizing 
into large lymphocytes. Some myelo- 
poiesis in the red pulp involved mitoses 
in the early red cell series. Small areas 
of lymphoid depletion occurred. These 
changes progressed to a peak on the 
10th day. Beginning on the 13th day, 
mitotic activity decreased in both the 
lymphatic and the myeloid tissues. By 
the 20th day, all activities had regressed 
markedly but the enlarged transitional 
zones indicated the extent of the previ- 
ous hypetplasia of the white pulp (pl. 2, 
fig. 5) and myelopoiesis was mainly 
localized to the periphery of the spleen 
near the capsule (pl. 2, fig. 5). Other evi- 
dences of stimulation are described in 
the following paragraph. 





Immunized and challenged mice.—The 
spleen on the ist day of the challenging 
infection showed unmistakable evi- 
dences of previous stimulation. It was 
somewhat larger (text fig. 3). The peri- 
arterial sheaths in cross section were 
smaller but were more numerous than 
in normal mice. Thus, proliferation of 
the white pulp was sufficiently intense 
to maintain the white pulp red pulp 
ratio 
spite 
more 


as described in normal mice. In 
of these changes, the spleen was 
or less quiescent. The nodules 
normal in appearance except that 
the lymphocytes were not as tightly 
packed and there was generally a reac- 
tion center (area of reticular cells and a 
few lymphocytes) or a much larger than 
normal iymphocytopoietic center com- 
posed chiefly of large lymphocytes. In 
either case, small lymphocytes were 
numerous in the white pulp and in the 


were 


transitional zone. Only a few lympho- 
cytes were dividing. Erythropoiesis was 
greatly Groups of myeloid 
cells were localized in small 
some of the 
dividing. 


reduced. 
foci and 
larger stem cells were 
Throughout the red pulp, 
small focal areas consisted of a central 


collection of a few free macrophages and 
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medium polyblasts surrounded by small 
lymphoid cells. They were similar to 
those seen in the virulent infections (cf. 
pl. 1, fig. 4) but did not contain para- 
sites. 

Two series of mice (6 and 9) were 
immunized with culture forms and 
challenged with virulent trypanosomes 
subcutaneously. The reactions in the 
lymphatic tissue were similar in the two 
series, but lymphoid hyperplasia was 
less and myelopoiesis was more intense 
in series 6 than in series 9. Only an 
occasional leishmania showing varying 
degrees of degeneration was seen. In 
both series, the opposing processes of 
lymphocyte proliferation and lympho- 
cyte depletion started on the Ist day 
after the challenging dose and were 
marked on the 3rd day. At this later 
time, many reticular cells were mobiliz- 
ing into large lymphocytes. By the 5th 
day, the enlarged periarterial sheaths 
showed intense mitotic activity in the 
reticular cells and larger lymphocytes. 
Concomitantly, some areas of the 
nodules were depleted of lymphocytes. 
During the ensuing 5 days, the spleen 
became larger (text fig. 3). The lym- 
phatic tissue decreased while the red 
pulp increased in amount (pl. 2, fig. 7 
and 8). 

By the 10th day, the white pulp which 
was relatively greatly reduced con- 
tained much lymphorrhexis, phagocyto- 
sis of cellular debris and some areas de- 
pleted of lymphocytes. The nodules 
were to a large extent lymphocyto- 
poietic centers. In spite of this reduction 
of lymphatic tissue, intense reparative 
activity was present. It involved the 
mobilization of reticular cells into large 
lymphocytes and the active mitotic 
proliferation of reticular cells and of 
large and medium lymphocytes. The 
greater lymphoid hyperplasia and less 
lymphocyte depletion in series 9 than in 
series 6 can be seen by the larger nodules 
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and the larger content of lymphocytes 
in the transitional zones in figure 8 than 
in figure 7 of plate 2. This was un- 
doubtedly an expression of a higher 
degree of immunity due probably to the 
fact that the mice in 
older. 

Concomitant with these reactions in 
the lymphatic tissue, myeloid activity 
in the red pulp in series 6 was intense 
by the 5th day, and areas of erythro- 
poiesis containing many megakaryocytes 
were strikingly increased in size. By the 
10th day, myeloid tissue constituted the 
major portion of the enlarged red pulp 
(pl. 2, fig. 7). Mitotic activity of pro- 
erythroblasts and of early stem cells 
(hemocytoblasts) was maintained at a 
high level. In addition, reticular cells of 
the red pulp were mobilizing into 
hemocytoblasts (or large lymphocytes). 
In series 9, myelopoiesis only slightly 
increased through the 21st day (pl. 2, 
fig. 8). The varied myeloid activity was 
probably another expression of the dif- 
ferences between the two series of mice. 

In some areas, late in the infection, 
plasma cells were found in profusion in 
the red pulp. Many of these seemed to 
be developing from lymphoid cells of 
different sizes and at times from cells of 
the erythroid series (pl. 1, fig. 3). 


series 9 were 


Peripheral lymph nodes 


Normal mice.—The structure of the 
diffuse lymphatic tissue of the cortex 
varied markedly. In some mice, the 
cortex was sharply differentiated from 
the medulla and nodules were present in 
the cortex. In other mice, the diffuse 
tissue was reduced in amount, the 
boundary between cortex and medulla 
was ill-defined, and no nodules were 
present. Mitoses in a few lymphocytes, 
minimal lymphorrhexis and occasional 
reticular cells filled with lymphocytic 
debris could be found in all sections. 
The right inguinal and lumbar-aortic 
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nodes were essentially similar histo- 
logically. 

Virulent infection.—Lymphocyte de- 
pletion was reflected both by a reduction 
in the relative thickness of the cortical 
layer and by an irregular reduction in 
the density of the lymphocyte popula- 
tion of the cortex and the medulla. Both 
were evident on the 2nd day. On the 
3rd day, depletion was accompanied by 
an almost generalized mobilization of 
reticular cells. Some were dividing and 
others were transforming into large 
lymphocytes. Large lymphocytes were 
also dividing. In addition, the 3rd day 
marked the appearance of parasites in 
the reticular cells and in the fat cells of 
the connective tissue surrounding the 
node. On the 4th day, cell destruction 
and phagocytosis were seen in small 
areas containing a few free macrophages, 
heterophils, polyblasts and lympho- 
cytes. Some polyblasts contained cellu- 
lar debris but no recognizable parasites. 
Lymphocytes were degenerating. These 
processes are probably a part of the pic- 
ture of the acute adenitis of Chagas’ 
disease, as described by Mazza et al 
(1942), and are similar to the inflam- 
matory-like foci previously described in 
the red pulp of the spleen. 

The processes initiated on the 3rd day 
developed as follows: Lymphocyte de- 
pletion progressed more or less con- 
tinuously to a marked peak during the 
last few days. Concomitantly, cellular 
(largely lymphocytic) debris was in- 
tensely phagocytosed. Phagocytosis 
reached its height at about the 7th day 
and rapidly regressed thereafter, ap- 
parently because the bulk of the ceilular 
debris had been removed and digested. 
The mobilization of reticular cells varied 
from time to time but was still evident 
during the terminal stages of the infec- 
tion. Mitotic activity was intense at 
first but decreased during the last two 
days. It largely involved reticular cells 
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at the beginning but was chiefly re- 
stricted to large and medium lympho- 
cytes later. Initially, macrophages were 
derived almost entirely from reticular 
cells but, from the 6th day on, they were 
also derived heteroplastically from 
agranulocytes. A few of the earlier stages 
in this cytogenesis, i.e., monocytoid 
lymphocytes intermediate between 
lymphocytes and monocytes, are de- 
picted in plate 3, figure 2. From the 8th 
day on, lymphocytes of all sizes trans- 
formed into plasma cells. Many of the 
macrophages, both with and without 
parasites or phagocytosed debris, were 
cyst-like in appearance due to a con- 
densation of cytoplasm around a large 
central vacuole. They were similar to the 
cells described by Torres and de Aze- 
vedo (1929a and b) except that most of 
them only contained one nucleus (pl. 3, 
fig. 1). A probable early developmental 
stage is illustrated in plate 3, figure 2 
(cells marked Mac). 

Late in erythropoietic 
foci occurred occasionally (pl. 3, fig. 1) 
and were almost always associated with 
plasma cells. 


infections, 


Parasites increased slowly in number 
from the 4th day to the end of the infec- 
tion. They were ordinarily found in 
reticular and littoral cells, but were also 
found during the latter part of the infec- 
tion in inflammatory macrophages and 
polyblasts. As in the spleen, only a few 
of the parasites appeared damaged. 

Immunized and challenged mice.—Ke- 
actions in the nodes of these mice were 
largely proliferative and reparative with 
no marked cell destruction. Thus, on the 
6th and 7th days, there was little lym- 
phocyte destruction or depletion, but 
there were many lymphocytes and a few 
reticular cells dividing and a marked 
transformation of reticular cells into 
large lymphocytes. Some of the medul- 
lary sinuses were filled with free swollen 
macrophages which only occasionally 
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contained phagocytic debris. Some of 
the macrophages arose heteroplastically 
as evidenced by a continuous series 
from them through medium polyblasts 
to agranulocytes, The medulla also con- 
tained numerous plasma cells. At no 
time were parasites found. 


Bone and bone marrow 


Normal mice.—All sections were taken 
from the proximal half of the femur. 
There was always an active process of 
endochondral ossification. 

Virulent infection.—Parasites were 
found in various stromal cells in the in- 
vading connective tissue of the zone of 
endochondral ossification and in en- 
dostial and periostial cells as early as the 
3rd day. They increased in number with 
time and were numerous after the 
10th day. They were found predomi- 
nantly in reticular cells of the marrow, 
rarely in cartilage cells and more rarely 
in bone cells (pl. 4, fig. 2 and 4). Infec- 
tion of bone and cartilage cells was 
limited to areas adjacent to the connec- 
tive tissue invading the zone of endo- 
chondral ossification and was never deep 
in the cartilaginous or calcified tissue. 
Infection of bone cells presumably oc- 
curred before the cells were surrounded 
by bone matrix. 

The first noticeable reaction of the 
bone marrow to the infection occurred 
on the 4th day when stem cells and 
mitotic figures increased. Superimposed 
on this activity by the 7th day was an 
extensive cytolysis among the smaller 
lymphoid cells and active phagocytosis 
of the resulting cellular debris. In addi- 
tion, localized areas of inflammatory 
cells included many parasites in large 
macrophages and intermediate poly- 
blasts. From the 9th day on, stem cells 
increased in number along with epithe- 
lial-like areas of hemocytoblasts. Large 
numbers of mitoses occurred in the 
reticular cells, hemocytoblasts and 
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smaller free cells. Hemocytoblasts began 
to occur in islands developing from the 
endostium and filled most of the bone 
marrow cavity by the 14th day. 
Erythropoiesis and granulopoiesis var- 
ied in amount, but both were markedly 
stimulated. 

Immunized and challenged mice.—Our 
material was very limited, but suggested 
a mild stimulation of both series (granu- 
lopoiesis and erythropoiesis) similar but 
milder than that found during the initial 
infection. No parasites were found. 


Thymus 


Normal mice.—The structure of the 
thymus of the different groups of mice 
was comparatively uniform and showed 
no evidences of changes that could be 
associated with age. 

Virulent infection.—Few parasites or 
histological changes were observed in 
animals before the 6th day oi the infec- 
tion. At this time, the thymus of most 
animals showed varying degrees of 
lymphocyte (thymocyte) depletion, es- 
pecially of the cortex, degenerating 
lymphocytes in the medullary zone, and 
the mobilization of reticular cells into 
macrophages which contained both 
cellular debris and leishmaniform para- 
sites. In the particular tissue shown in 
plate 4, figure 1, there was a fairly sharp 
differentiation between reticular cells 
containing debris and those containing 
parasites. Lymphocyte depletion was 
sometimes pronounced at 7 days and 
was usually advanced by the 9th day. 
During this stage of the infection, 
lymphocytes practically disappeared 
from extensive areas of the reticular 
syncytium, especially in the cortex (pl. 
4, fig. 3). 

In general, parasites invaded reticular 
cells at the outer periphery of the cortex 
first, throughout the cortex next, and 
the medulla last. This sequence may ex- 
plain why lymphocyte depletion was 
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first seen in the cortex and why there 
were fewer lymphocytes in it at certain 
stages than in the medulla. Only during 
late stages did lymphocytes divide and 
develop into plasma cells. Macrophages 
mobilized from the reticular cells at 
first but developed from lymphocytes 
during the last few days. At no time 
was there a marked transformation of 
reticular cells into large lymphocytes. 
The few cases seen involved reticular 
cells near blood vessels. This finding is 
possibly connected with the fact that 
reticular cells near the blood vessels are 
more likely to be of mesenchymal origin 
than reticular cells in the parenchyma. 

Immunized and challenged mice.—\n 
general, the thymus of superinfected 
mice showed the same type of changes 
found in initial fatal infections except 
that damage was minimal. The first evi- 
dences were seen on the 6th day and 
involved an increased number of divid- 
ing lymphocytes and the mobilization 
of an occasional reticular cell. This pic- 
ture was associated with lymphocyte 
depletion in a few areas and with the 
development of a number o: plasma 
cells on the 7th day. By the 8th day, 
when parasites were first found in a few 
reticular cells, there was considerable 
lymphocyte depletion, many mitoses, 
the development of plasma cells, and 
some heterophil infiltration of the 
medulla. The lymphocyte depletion was 
minor as compared to that in mice initi- 
ally infected with virulent parasites. 
There was little cellular debris or phago- 
cytosis by the reticular cells. Mild in- 
flammation was present in the fatty con- 
nective tissue surrounding the organ, 
but no parasites were found in it. 


Adrenals 


Virulent infection.—Parasites were 
not found in appreciable numbers in the 
adrenals until the 6th or 7th day follow- 
ing injection of a large number of viru- 
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lent parasites. They occurred chiefly in 
littoral cells but were not associated 
with any inflammatory changes. By the 
9th day, small inflammatory foci oc- 
curred close to the medulla in the zona 
reticularis in what were probably littoral 
cells and glandular cells. It is interesting 
that the foci were not necessarily associ- 
ated with the presence of identifiable 
parasites and that they occurred later 
in the adrenals than in the liver. 
Immunized and challenged mice. 

After the challenging infection, the 
adrenals were’ essentially normal. 
Neither parasites nor inflammatory foci 
were found. 


Liver 


Normal mice.—The liver contained 
very few lymphoid accumulations in the 
periportal connective tissue. When they 
occurred, they were not extensive and 
did not increase as a result of infection. 

Virulent infection.—Parasites and le- 
sions were first found in the liver on the 
3rd or 4th day after heavy inoculations, 
The lesions consisted of small foci of 
inflammatory exudate cells, including a 
few medium polyblasts, heterophils, 
lymphoid cells and free macrophages. (A 
focus from a later stage is shown in pl. 5, 
fig. 2.) These foci were irregularly placed 
and increased gradually in number as 
the infection progressed. 

A striking phenomenon was the dif- 
ferential content of parasites and the 
fate of the parasites in the Kupffer cell 
and the inflammatory macrophage 
although neither type of cell appeared 
to be aggressively phagocytic in the 
nonimmune host. Thus, on the 3rd day, 
Kupffer cells occasionally contained one 
to several leishmania. Progressively 
thereafter, more of them became in- 
fected and contained more and more 
parasites. On the 6th or 7th day, and 
especially during the ensuing rapid rise 
in parasitemia, many were enormously 
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swollen with apparently normally de- 
veloping parasites (pl. 5, fig. 1). The 
parasites did not seem to be digested 
and were evidently nonirritating as long 
as the host cell remained intact. In con- 
trast, markedly fewer parasites were 
found in the imflammatory macro- 
phages in the small inflammatory foci 
late in the infection and frequently ap- 
peared to stain abnormally and to be ob- 
viously damaged (see especially those in 
the upper left of pl. 5, fig. 2). Such in- 
flammatory foci were evidently defense 
centers against the infection, but were 
inadequate to cope with the infection 
in the nonimmune host (see also Pizzi, 
Rubio and Knierim, 1953 and 1954). 

Mazza and Jérg (1953a) in their 
study of puppies dying of Chagas’ 
disease suggested that the nodular foci 
arise by the following sequence: (1) A 
hematogenous phase foilowing the ini- 
tial local tissue focus of infection. (2) 
An acute hepatitis with intense leuco- 
cytic infiltration followed by an ac- 
centuation of the granulomatous proc- 
ess. (3) Chronic hepatitis in which the 
post-inflammatory histiocytosis is con- 
densed from a diffuse process to a nodu- 
lar one with many leishmania and in- 
tense round cell infiltrations. (4) A 
hematogenous phase due to the dis- 
charge of the leishmania from the 
nodules into the blood stream. (5) A 
chronic hepatitis without leishmania 
characterized by multiple foci of round 
cells with some hypertrophied or de- 
generating histiocytes. 

The local inflammatory lesions which 
we found were similar to their 3rd stage 
except that they were less circumscribed 
and contained more heterophils. As 
pointed out above, however, the process 
preceded the rise in parasitemia and 
was not associated with a preceding 
diffuse inflammatory process, either 
acute or chronic, in the liver. Also, in 
our material the accentuation of the 
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parasitemia as postulated in their 
fourth stage led to a heavy Kupffer cell 
infection without much increase in the 
focal lesions. 

Immunized and challenged mice.—The 
liver was essentially normal during the 
first 4 days after the challenging infec- 
tion. In other words, there were no re- 
sidual focal lesions. A few small accumu- 
lations of lymphoid cells were found on 
the 5th day, and a few foci of inflamma- 
tory cells were scattered throughout the 
tissue on the 7th day. One to several 
parasites were occasionally found in 
mononuclear exudate cells and in nearby 
Kupffer cells. By the 8th day, the in- 
flammatory foci were larger and some 
contained damaged cells and many 
heterophils. At this time, parasites (some 
looked damaged) were found in the 
mononuclear exudate cells and only 
rarely in Kupffer cells. 

As compared to the initial infection, 
both foci and parasites were less numer- 
ous, but relatively more parasites oc- 
curred in inflammatory macrophages 
in the foci than in the Kupffer cells. The 
parasites appeared abnormal and were 
probably being digested. Antibodies 
acquired during immunization, as re- 
ported by Pizzi et al (1954), undoubted- 
ly aided in the phagocytosis of the chal- 
lenging dose ot virulent parasites. 


Skeletal muscle 

Virulent infection.—Parasites were 
first found in muscle fibers of the sub- 
cutaneously injected thigh on the 3rd 
day and did not markedly increase in 
number thereafter. On the 6th day, par- 
asites began to appear in the interstitial 
connective tissue and increased in this 
tissue through the 9th day. Thus, leish- 
maniform parasites occurred first in 
muscle cells, but later exhibited a 
marked preference for interstitial con- 
nective tissue cells. Parasites also oc- 
curred in medium polyblasts and macro- 











phages when inflammation was present. 
A few inflammatory cells were found on 
the 7th day and afterwards, but in- 
flammatory reactions were mild except 
occasionally when a marked diffuse 
infiltration of inflammatory cells was 
associated with degeneration and ne- 
crosis of muscle fibers. 

Immunizing infection.—No inflamma- 
tion or parasites were found in mice in- 
oculated with low virulent 
forms. 

Immunized and challenged mice.— 
Local inflammatory foci occurred in the 
fat tissue surrounding the muscle be- 
fore they were found in the muscle in 
this group of mice. They roughly paral- 
leled those in the fatal initial infections 
both in regard to the time of their onset 
and their mild character. Very few para- 
sites were seen at any time. 


culture 


Heart 


Virulent infection.—Parasites in small 
numbers were found in the muscle fibers 
from the 5th to the 7th day. They in- 
creased in number until they were fre- 
quently numerous by the 9th day. In- 
flammation, beginning on the 9th day, 
varied from a mild diffuse cellular exu- 
date to local areas of edema and many 
inflammatory cells. In one animal, in- 
flammation was especially severe in the 
loose connective tissue near the atrio- 
ventricular valves. The inflammatory 
process seemed to be correlated with 
long infections rather than with the 
number of parasites present. It was 
zenerally present only in animals which 
survived longer than 9 days. 

Immunizing infeclion.—I\n mice in- 
oculated with low virulent culture forms, 
the heart sections were practically nor- 
mal. There were only a very few para- 
sites and a very few small inflammatory 
foci around the 15th day in some ani- 
mals. 


Immunized and challenged mice.— 
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Parasitization and histological changes 
in the immune heart after the challeng- 
ing dose closely peralleled those seen in 
the pathogenic initial infections. The 
processes, however, were milder. A few 
parasites in the muscle fibers of the 
heart and several small aggregations 
of small mononuclear cells were first 
seen on the 7th day. Parasites were not 
the center of any noticeable inflamma- 
tory process. For the following 3 days, 
the inflammatory foci continued to be 
mild and parasites scarce. From 2 weeks 
to a month and a half after the challeng- 
ing dose, some mice died with a mild de- 
gree of myocardial inflammation but 
with only a few parasites present. The 
number that died, however, was varia- 
ble. Among 20 mice, 1 to 3 might die in 
one series and 9 or 10 in another. 


Lungs 


Virulent infection.—Tissue invasion 
of the lungs was apparently a late mani- 
festation of the infection. Leishmania 
were first found on the 7th day in fairly 
large numbers within the septal cells 
(local macrophages). They developed 
and increased greatly in number during 
the ensuing two days but were not asso- 
ciated with any exudation of inflamma- 
tory cells in the alveoli. 

Immunized and challenged mice. 
At no time were many parasites found in 
the lung, but mild inflammation, as in- 
dicated by the presence of inflammatory 
exudate cells in the alveoli, was found 
after the first week. 


Intestine 


Virulent infection.-Some parasites 
were found from the 3rd day on in fixed 
macrophages of the intestinal wall (pl. 
5, fig. 3). Most of them seemed to de- 
velop normally. From the 6th day on, 
developing parasites were also seen in 
the smooth muscle fibers of the intes- 
tine. No important inflammatory reac- 
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tions or other lesions were observed. 

Immunized and challenged mice.—No 
parasites or lesions were found. 

DISCUSSION 

The designation of the present strain 
of T. cruzi as reticulotropic by Badinez 
(1945) indicates one of the chief cell 
preferences of the parasite and is prob- 
ably as appropriate a name as possible. 
It is not, however, completely descrip- 
tive because other connective tissue 
cells also become infected. Among in- 
fected macrophages not derived from 
reticular cells were adventitial cells of 
the loose connective tissue and inflam- 
matory macrophages and histiocytes of 
the skin and among those which are 
possibly not reticular cells were the lit- 
toral cells of the liver and adrenals. 
Among nonphagocytic connective tissue 
cells, the only ones comparable to mac- 
rophages as sites of infection were fat 
cells of the connective tissue. 
Fibroblasts were infected less frequently. 
In addition, often 
changed as the infection proceeded. 
Thus, early initial infection of the skin 
involved and 
whereas later initial infection involved 


loose 


cell preference 


fibroblasts histiocytes, 
almost exclusively inflammatory macro- 
phages of both local and hematogenous 
origin. Small intermediate polyblasts 
frequently contained parasites. In heart 
and skeletal muscle, muscle cells were 
generally the first to be infected but, 
later, macrophages of the interstitial 
connective tissue were the chosen sites. 
Lymphocytes, hemocytoblasts and lym- 
phoid cells of the myeloid series were 
not infected. It is remarkable that para- 
sites were not found in true endothelial 
cells lining the nonsinusoidal vessels. 
They were, however, found in the endo- 
thelial cells of the smaller splenic veins. 
If the latter cells actually phagocytose 
the parasites, they are similar to the cells 
in the spleen of Indian monkeys which 
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phagocytose malarial parasites, accord- 
ing to Taliaferro and Mulligan (1937). 
Parasites were not found in heterophils 
except when the host was injected sub- 
cutaneously with low virulent culture 
forms. Somewhat similarly, Taliaferro 
and Bloom (1945) found that hetero- 
phils in areas of subcutaneous injections 
contained erythrocytes infected with 
plasmodia. 

The chief connective tissue reactions 
occurred in the loose connective tissue 
of the skin (in animals infected subcu- 
taneously) and in the reticular organs. 
Experimental Chagas’ disease in C,H 
mice resulted in a severe drain on the 
lymphoid and myeloid systems includ- 
ing lymphocytes and, to a less extent, 
the free stem cells of the myeloid series. 
The same type of depletion occurred in 
animals immunized with low virulent 
culture forms but was adequately met 
by the proliferative and reparative reac- 
tions of lymphatic and myeloid tissue. 

Greatest attention will be given to the 
lymphoid system as it was most affected. 
Lymphocyte depletion was due, in part, 
to the lymphocytocidal effects of the in- 
fection and, in part, to the transforma- 
tion of lymphoid cells into macrophages. 
The proliferative and reparative reac- 
tions were fundamentally identical in 
the ineffective response of nonimmune 
mice and the effective response of im- 
munes. They included in part (1) the 
often intense and widespread mobiliza- 
tion of reticular cells and their trans- 
formation into very large basophil lym- 
phocytes,* (2) the mitotic proliferation, 
at first, of reticular cells and the larger 
lymphocytes and, later, almost exclu- 
sively of large and medium lympho- 

* This is the cell which has been variously 
termed a large lymphocyte, an acute splenic tu- 
mor cell, a myeloblast, a lymphoblastic plasma 
cell, a developing or immature plasma cell, a 
macrohistocyte and a basophil macrophage (see 
Taliaferro, 1949). 
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cytes; (3) the mobilization of reticular 
cells as macrophages and later the wide- 
spread heteroplastic 
lymphocytes 


development of 
macrophages; and 
(4) the development of all sizes of lym- 


into 


phocytes into plasma cells which was 
frequently an almost terminal phenom- 
enon in the nonimmune animals and 
seldom occurred before a week in the 
immune animals. 

The initial stimulation of lymphocy- 
topoiesis by virulent parasites, which 
is followed by lymphocyte depletion in 
nonimmune mice but which 
lymphoid hyperplasia in immune mice, 
follows closely the picture of the inter- 


leads to 


play between lymphocytopoiesis and 
lymphocyte depletion described by Con- 
way (1939) in infections with Listeria 
monocytogenes and is characteristic of 
most, if not all, severe generalized in- 
fections. These opposed processes can 
be seen in the spleen and particularly in 
the transitional zone between the peri- 
follicular spaces of the white pulp and 
the red pulp proper. In normal mice, 
the free lymphoid cells of the transition- 
al zone were mostly medium lympho- 
cytes. The first evidences of lymphoid 
activation of the white pulp was the loss 
of small lymphocytes, the mobilization 
of fixed reticular cells into large lym- 
phocytes and the mitotic proliferation 
of reticular cells and the larger lympho- 
cytes. The loss of small lymphocytes 
was due in part to their migration into 
the transitional zone and red pulp and 
eventually to their destruction or trans- 
formation into other lymphoid cells. As 
lymphocytopoiesis continued, the tran- 
sitional zone became much broader and 
was filled chiefly with medium and large 
lymphocytes. When depletion occurred, 
the previously enlarged transitional 
zone appeared as reticulum with very 
few lymphoid cells in it. When repara- 
tive processes stopped depletion, small 
lymphocytes and eventually medium 
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the transi- 
tional zone. Similar changes have been 


lymphocytes appeared in 


found by the senior author (unpub- 
lished work) in the spleen of chickens 
infected with P. gallinaceum and were 
most apparent around the Schweigger- 
Seidel sheaths. 

In immune mice, the proliferative and 
reparative reactions of the lymphatic 
and myeloid tissues led, certainly in the 
spleen, lymph nodes and bone marrow, 
to a hyperplasia of macrophages and 
various lymphoid cells. The increase in 
these cells was shown by the fact that 
the spleen and lymph nodes increased 
in size and the 
same or an even greater numbers of cells 


continued to contain 
per unit area while the bone marrow 
contained far more lymphoid cells per 
unit area. New lymphocytes and mye- 
loid stem cells arose chiefly by mitotic 
proliferation and also, in the case of the 
larger cells, by the direct transformation 
of reticular cells. 

Many free macrophages, and, to a 
less extent, fixed reticular cells were 
destroyed by the parasites and the in- 
Replacement of the 
cellular reticulum and the development 
of new reticulum was associated with 


fectious process, 


the mitotic proliferation of reticular 
cells. Whether any reticular cells de- 
veloped from free cells could not be 
decided from our material. Free macro- 
phages arose by mitotic division of un- 
engorged reticular cells and by the het- 
eroplastic development of agranulo- 
cytes. In this connection, it is not un- 
usual for authors to describe as reticulo- 
endothelial hyperplasia situations in 
which the reticular cells of the stroma of 
lymphatic organs become clearly visible 
because of the loss of lymphocytes from 
the stroma. Such tissues, however, have 
actually lost lymphocytes and have not 
gained reticular cells per unit area, (See 
discussion in Conway, 1939.) We be- 
lieve that a part of the histiocytic hy- 
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perplasias described by Mazza et al 
(1942) and Mazza and Jérg (1943) in 
Chagas’ disease belong in this category. 

The functional significance of lym- 
phoid hyperplasia probably lies in the 
fact that it provides a mesenchymal 
reserve from which (1) lymphocytes 
and various other cells are produced, 
(2) macrophages are developed for the 
removal of cellular debris resulting from 
the destruction of lymphoid cells and of 
various disintegrating parasitized cells 
and parasites, and (3) macrephages are 
supplied in immune animals which are 
functional in acquired immunity. In 
regard to the last mentioned function, 
Pizzi et al (1953 and 1954) have recently 
found that acquired immunity in rats 
and mice to the same strain of T. cruzi 
used in the present work was associated 
with phagocytosis chiefly by inflamma- 
tory macrophages in the focal and dif- 
fuse inflammatory reactions throughout 
the tissues—probably in cooperation 
with antibodies. In addition to the func- 
tional aspects of the production of new 
macrophages, their production may 
also be in part a somewhat stereotyped 
and fundamentally adaptive process 
which, in the nonimmune host, fur- 
nishes the cells of choice for infection 
and reproduction of the parasite. 

One of the central problems in im- 
munity to T. cruzi is the mechanism 
whereby the macrophage changes from 
a site in which the parasite grows in the 
nonimmune host to a site in which the 
parasite is destroyed in the immune 
host. Our observations and those of 
Pizzi et al (1953 and 1954) indicate that 
this change is largely due to the acquisi- 
tion of antibodies, but that, in addition, 
the inflammatory macrophage is more 
effective than the fixed macrophage in 
the disposal of parasites. 

The situation in infections with T. 
cruzi is similar to that in certain ma- 
larias such as Plasmodium brasilianum. 
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In the nonimmune host, the basic re- 
production of the malarial parasite is 
constant (except temporarily during the 
crisis) and a constant percentage of 
the parasites are destroyed (innate im- 
munity). After the host acquires im- 
munity, phagocytosis and the destruc- 
tion of parasites are so intense that the 
infection is reduced to a low grade. The 
continued survival of a few parasites in 
the immune host is probably associated 
with a small proportion of phenotypical- 
ly but not genotypically resistant or- 
ganisms (cf. Taliaferro, 1948). 

Less is known about the functional 
significance of the intense stimulation 
of erythropoiesis. As far as we could 
find, no marked change in the number of 
red cells occurred as a result of infection 
in either immune or nonimmune ani- 
mals, and reticulocytes only reached 
10% at their peak during terminal 
stages of fatal infections. In some of the 
spleens during late stages of the infec- 
tion, erythropoiesis appeared to stop 
at about the polychromatophilic eryth- 
roblast stage and, during even later 
stages of the infection, the basophil 
members of the erythroid series often 
developed into plasma cells. If the re- 
cent contention of a number of investi- 
gators that antibodies are formed by the 
plasma cell series is substantiated (re- 
view by Taliaferro, 1949), erythroid 
hyperplasia by being redirected to plas- 
ma cell formation may become of great 
functional significance. The erythroid 
cells, however, are not the only source 
of plasma cells. Many arise from lym- 
phocytes of various sizes. 

Numerous authors, particularly 
Mazza (see Mazza and Jérg, 1935b), 
have emphasized the inflammatory as- 
pects of Chagas’ disease. The relation of 
parasites to the inflammatory reactions 
in the various tissues studied in this work 
is complex. A sharp distinction should 
be made between the inflammatoid re- 
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actions in the lymphatic and myeloid 
tissues (spleen, lymph nodes, thymus 
and bone marrow) and the inflammatory 
reactions in other sites such as the skin. 
The first mentioned reactions were di- 
rectly associated with the destruction 
of lymphocytes and other lymphoid 
cells and were correlated with the degree 
of tissue invasion. Hence, they were in- 
tense during late stages of virulent ini- 
tial infections but were always minor in 
superinfected animals. The inflamma- 
tory reactions of the organs, other than 
the lymphatic and myeloid organs, on 
the other hand, exhibited about the 
same degree of activity for the first week 
or 10 days and became more marked in 
immune mice in spite of low grade in- 
fections. Thus, Pizzi (1951) found vari- 
ous degrees of local or diffuse myocardi- 
tis in a small percentage of mice that 
died at irregular intervals during the 
long continued low grade infections fol- 
lowing suppression with primaquine. 
This type of inflammation could obvi- 
ously not be directly correlated with 
local tissue invasion by the parasite be- 
cause the immune mice always had 
much lower grade infections than the 
nonimmunes. Indeed, when inflamma- 
tory reactions were most marked in the 
immune mice, parasites were extremely 
scarce. 

Most inflammation in the nonim- 
mune animals is probably nonallergic 
and in general follows host cell destruc- 
tion and possibly the liberation of endo- 
toxins by the parasite, whereas most 
inflammation in the immune animals 
is probably allergic and is probably as- 
sociated with the production of anti- 
cruzi antibodies or a tuberculin-type of 
cellular hypersensitivity. The inflamma- 
tion in the immune animal would thus 
be low grade at first, although sufficient 
to allow an inflammatory response equal 
to that of the nonimmune, but would 
later be far more intense than any en- 
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countered in the nonimmune. This ex- 
planation would encompass two seem- 
ing exceptions. In the first case, when 
animals with an initial infection sur- 
vived over 9 days, they often exhibited 
more inflammation than animals which 
died at 9 days. The longer survival may 
allow hypersensitivity to develop. In 
the second case, when exceedingly large 
numbers of parasites were injected sub- 
cutaneously, inflammation oc- 
curred at the site of the inoculation— 
but not at other sites 


more 


in immune than 
in nonimmune mice during the first 
week or 10 days. The immune animal 
may have responded more intensely in 
the subcutaneous tissue because of the 
large amount of antigen introduced but 
disposed of parasites so effectively that 
other sites did not receive much antigen, 

These findings are in line with the 
earlier suggestion of Torres (1929) and 
Mazza and Jérg (1935b) and the ex- 
perimental work of Muniz and de 
Azevedo (1947 and 1949). The last 
mentioned authors sensitized two rhesus 
monkeys with five injections of killed 
T. cruzi or lysates which they believed 
had been washed free of nontrypano- 
some proteins of the culture. When the 
animals were given a “‘shocking’’ injec- 
tion on 8 and 33 days, respectively, after 
the sensitizing injections, they devel- 
oped inflammatory reactions and granu- 
lomata in the pleura and a myocarditis 
which resembled those found in Chagas’ 
disease. Two other control monkeys in- 
jected just once with the same material 
developed no lesions in the pleura or 
heart. The authors also succeeded in 
passively transferring the hypersensi- 
tivity. 

The reactions in the lymphatic and 
myeloid tissues of C,H mice initially in- 
fected with T. cruzi were similar to those 
described by Singer (1954) in CF1 mice 
infected with Plasmodium berghei, but 
neither the depletion of lymphoid cells 
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nor the proliferations and reparative 
processes were as intense in our mice. 
In fatal berghei infections, Singer be- 
lieves that the lymphocytes, as in other 
malarias, form an important reserve 
from which macrophages are formed. As 
the spleen becomes almost entirely de- 
voted to erythropoiesis, the lymph 
nodes, in compensation, increase their 
lymphocytopoietic potential with a 
concomitant the hetero- 
of macrophages 
from agranulocytes. In cruzi infections 
in nonimmune mice, the production of 
macrophages, both homoplastically by 
the proliferation of reticular cells and 
heteroplastically 


increase in 
plastic development 


from agranulocytes, 
occurred in the spleen up to the time of 
the death of the host. Neither the pha- 
gocytopoietic activity nor the loss of 
red blood cells was as great in the cruzi 
infections as in the berghei infections. 
In cruzi infections, the spleen became 
involved toa very large extent in eryth- 
ropoiesis in spite of the absence of 
any pronounced anemia. These findings 
suggest that the erythropoietic activity 
in the spleen may largely represent the 
genetically conditioned response of the 
mouse to severe infection in general. 


CONCLUSIONS 


A study of the connective tissue reac- 
tions has been made of a highly inbred 


C;H strain of mice infected with a 
standardized virulent reticulotropic 
(Tulahuen) strain of Trypanosoma 


cruzi. Tissues were studied from non- 
immune mice infected with the virulent 
strain, from mice immunized with low 
virulent culture forms and from im- 
munized mice challenged with the viru- 
lent strain. 

1. In general, reproducing leishmani- 
form parasites were found (a) often in 
macrophages including reticular cells 
of the reticular organs, littoral cells of 
the liver and adrenals, adventitial cells 
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of the loose connective tissue, histio- 
cytes of the skin and inflammatory ma- 
crophages in various tissues, (b) about 
as frequently in fat cells of loose con- 
nective tissue, (c) less often in fibro- 
blasts during early infection, (d) much 
less often in muscle cells, (e) rarely in 
cartilage and (f) extremely rarely in 
bone cells. 

2. Although most virulent parasites 
apparently developed normally in free 
and fixed macrophages ( = reticular cells, 
littoral cells and histiocytes), a few were 
digested, especially in inflammatory 
macrophages, in the nonimmune mouse. 
Their phagocytosis and destruction 
were markedly enhanced in the im- 
mune mouse due to the development of 
acquired immunity. Low virulent cul- 
ture forms were avidly destroyed, espe- 
cially by the inflammatory macro- 
phages, in both nonimmune and im- 
mune mice. 

3. The most pronounced connective 
tissue reactions occurred in the reticular 
organs and consisted of opposing proc- 
esses leading to (a) the depletion of 
lymphoid cells and (b) the cytogenesis 
of lymphoid cells from the cellular retic- 
ulum and by mitotic proliferation. Less 
pronounced was the loss of macro- 
phages and development of new macro- 
phages homoplastically by the mitotic 
proliferation of reticular cells and heter- 
oplastically from agranulocytes. In non- 
immune animals, the destructive proc- 
esses eventually predominated whereas 
in immune animals the reparative and 
proliferative processes led to marked 
lymphoid, myeloid and macrophage hy- 
perplasias. The immune animal was thus 
supplied with extra mesenchymal re- 
serves for the production of macro- 
phages and probably antibodies. 

4. Focal and diffuse inflammatory 
processes occurred throughout the tis- 
sues. In nonimmune animals these in- 
creased in number as the fatal infection 














progressed whereas in immune animals 

they were apparently allergic in char- 

acter and their intensity was not cor- 
related with the degree of infection. 

Allergic inflammatory processes in the 

myocardium possibly accounted for the 

death of some immune animals which 

had successfully suppressed the chal- 

lenging infection to a very low grade. 
REFERENCES 

Badinez, O. 1945, Contribucién a la anatomfia 
patolégica de la enfermeded de Chagas experi- 
mental. Biolégica, 3: 3-52. 

Brumpt, E. 1949, Precis de Parasitologie, ed. 6, 
Paris, Masson et Cie, 2138 pp. 

Buchsbaum, R. and Loosli, C. G. 1936, Methods 
of Tissue Culture in Vitro and Outlines of His- 
tological Methods, Univ. of Chicago Press 
81 pp 

Cannon, P. R. and McClelland, P. H. 1929, The 
reticulo-endothelial system in the infectious 
anemia of albino rats. Arch. Path. 7: 787-800 

Chagas, C., Villela, E. and da Rocha Lima, H. 
1929, Amerikanische Trypanosomenkrankheit. 
In Mense, C., Handbuch der Tropenkrank- 
heiten, ed. 3, Leipzig, Johann Ambrosius 
Barth, vol. 5, part 1: 673-728. 

Committee on Standardized Nomenclature for 
Inbred Strains of Mice. 1952, Standardized 
nomenclature for inbred strains of mice. Can- 
cer Res. 12: 602-613. 

Conway, E. A, 1939, Reaction of lymphatic tissue 
of rabbits to repeated injections of Bacterium 
monocytogenes. |. Infect. Dis. 64: 217-240. 

Dias, E. 1932, Le Trypanosoma cruzi et ses rap- 
ports avec le systtme réticulo-endothélial 
Compt. rend Soc. de biol. 110: 206-210. 

1934, Estudos sobre o Schizotrypanum 
cruzi. Mem. Inst. Oswaldo Cruz, 28: 1-110 

Hauschka, T. 1949, Persistence of strain-specific 
behavior in two strains of Trypanosoma cruzi 
after prolonged transfer through inbred mice 
J. Parasitol. 35: 593-599. 

Hoare, C. A. 1949, Medical Protozoology, Lon- 
don, Ballitre, Tindall and Cox. 334 pp 

Jarpa, A., Christen, R., Agosin, M. and Pizzi, 1 
1950, Quimioterapia de la enfermedad de 
Chagas experimental. Biolégica, 12-13: 117 
142. 

Knisely, M. H. 1936, Spleen studies. I. Micro- 
scopic observations of the circulatory system of 
living unstimulated mammalian spleens. Anat. 
Rec. 65: 23-50. 

Langeron, M. 1949, Precis de Microscopie, Paris, 

Masson et Cie. 1430 pp 


TRYPANOSOMA CRUZI IN MICE 


t— 
Nm 
wn 


Law, L. W. 1948, Mouse genetic news. J. Hered. 
39: 300-304. 

Mazza, S., Basso, G. and Basso, R. 1942, En- 
fermedad de Chagas en primer periodo diag- 
nosticada exclusivamente por biopsia de 
ganglio linfdtico con hallazgo de pardsitos 
leishmaniformes. Univ. Buenos Aires Misién 
estud. pat. reg. argent. (Jujuy), 63: 3-48 

Mazza, S., Basso, G., Basso, R. and Jérg, M. E. 
1939, Primer caso mortal de forma crénica 
cardiaca de enfermedad de Chagas compro- 
bado en Mendoza. Univ. Buenos Aires, Misién 
de estud. pat. reg. argent. (Jujuy). 42: 3-97. 

Mazza, B. and Jiérg, M. E. 1935a, Infeccién 

natural mortal por S. crusi en cachorro de 

perro “Pila’ de Jujuy. Novena reunién de 

Patologia regional argentina. 1: 365-411, 

Buenos Aires, Imprenta de la Universidad. 

1935b, Consideraciones sobre la pato- 
genia de la enfermedad de Chagas. (Los 
periodos anatomo-clinicos de la tripanosomi 
asis.) Novena reuni6n de la Sociedad Argentina 
de Patologia Regional. 1: 221-231, Buenos 

Aires, Imprenta de la Universidad. 

. 1943, Parasitismo experimental de ro- 
edores del género Ctenomys por Schisotrypanum 
cruzi. Univ. Buenos Aires Misién estud. pat. 
reg. argent. (Jujuy). 65: 3-58. 


Muniz, J. and de Azevedo, A. P. 1947, Novo 


‘ 


conceito da patogenia da ‘“‘doenca de Chagas” 
(‘‘Trypanosomiasis americana’’). Inflamacao 
alérgica granulomatéide (A), e miocardite 
hiperérgica (B), produzidas em “Rhesus” 
(“Macaca mullatta” sic!) inoculados com 
formas mortas de cultivo do “ Schizotrypanum 
cruzi’' (Nota previa). Hospital Rio de Janeiro 
32: 165-183. 

. 1949, Novo conceito da patogenia da 
doenga de Chagas (‘“Trypanosomiasis ameri- 
cana"’), Transmissio passiva do estado alér- 
gico provocado por inoculacio de antigeno de 
Schizotrypanum cruzi. Primera reunién pan- 
americana sobre enfermedad de Chagas. 
Tucumd4n, Imprenta de la Universidad Na- 
cional, 1: 55-56. 


Murray, R. G. 1948, The Spleen. In Bloom, W. 


(Editor) 1948, Histopathology of Irradiation 
from External and Internal Sources. New 
York, McGraw-Hill Co, 808 pp 


Péterfi, T. 1921, Eine beschleunigte Celloidin- 


Paraffin-Einbettung mit Nelkendél-oder Methyl- 
benzoatcelloidin. Ztschr. f. wissensch. Mikr. 38: 
342-345. 


Pizzi, T. 1945, Algunos aspectos de la enfermedad 


de Chagas experimental. Comunicaci6n pre- 
liminar. Biolégica, 3: 53-68. 


1951, Effect of primaquine on experimental 











226 


Trypanosoma cruzi infection. Proc. Soc. Exper. 
Biol. & Med. 78: 643-644. 

Pizzi, T., Agosin, M., Christen, R., Hoecker, G. 
and Neghme, A. 1948-1949, Influencia de la 
constitucién genética en la resistencia de la 
laucha en la infeccién experimental por 
Trypanosoma crusi, Biolégica, 8-11: 43-53. 

—, 1949, Estudios sobre immunobiologia de 
las enfermedades parasitarias. |. Influencia de 
la constitucién genética en la resistencia de las 
lauchas a la infecci6n experimental por 
Trypanosoma cruzi, Rev. Soc. mexicana Hist. 
Nat. 10: 113-119. 

Pizzi, T. and Prager, R. 1952, Inmunidad a la 
sobreinfeccién inducida mediante cultivos de 
Trypanosoma cruzi de virulencia atenuada 
(Comunicaci6n preliminar). Bol. Inf. Parasitol. 
Chilenas, 7: 20-21. 

——--—-, 1953, Estabilizacién de la virulencia de 
una cepa de Trypanosoma cruzi por pasaje 
seriado en ratones de constitucién genética 
uniforme: an4lisis cuantitativo del curso de la 
infeccién. Biolégica, 16-17: 3-9. 

Pizzi, T., Rubio, M. and Knierim, F. 1953, Con- 
tribucién al conocimiento de los mecanismos 
inmunitarios en la enfermedad de Chagas ex- 
perimental de la rata. Bol. Inf. Parasitol. 
Chilenas, 8: 66-72. 

- . 1954, Immunologia de la enfermedad de 
Chagas. Bol. chileno Parasitol. 9: 35-47. 

Senekjie, H. A. 1943, Biochemical reactions, cul- 
tural characteristics and growth requirements 
of Trypanosoma cruzi. Am. J. Trop. Med. 23: 
523-531. 

Singer, I, 1954, The cellular reactions to infec- 
tions with Plasmodium berghei in the white 
mouse. J. Infect. Dis. 94: 237-261. 

Snook, T. 1950, A comparative study of the 
vascular arrangements in mammalian spleens. 
Am, J. Anat. 87: 31-77. 

de Souza Campos, E, 1929, Estudo sobre a 
anatomia pathologica de ganglio lymphatico 
na trypanosomiase americana experimental. 
Alteragoes do systema reticulo endothelial. 
Corpos intranucleares. Myelopoese, Ann. Fac. 
med. Univ. Sao Paulo, 4: 75-90. 

Taliaferro, W. H. 1948, The inhibition of repro- 
duction of parasites by immune factors. Bact. 





WiLLiaAM H. TALIAFERRO AND TULIO Pizzi 


. 42: 1-17. 

————. 1949, The cellular basis of immunity 

. Rev. Microbiol. 3: 159-194. 

. Unpublished work on: Reactions of the 
connective tissue in chicken malaria. 

Taliaferro, W. H. and Bloom, W. 1945, Inflam- 
matory reactions in the skin of normal and im- 
mune canaries and monkeys after the local in- 
jection of malarial blood. J. Infect. Dis. 77: 
109-138. 

Taliaferro, W. H. and Cannon, P. R. 1936, The 
cellular reactions during primary infections and 
superinfections of Plasmodium brasilianum in 
Panamanian monkeys. J. Infect. Dis. 59: 72 
125. 

Taliaferro, W. H. and Mulligan, H. W. 1937, The 
histopathology of malaria with especial refer- 
ence to the function and origin of the macro- 
phages in defense. Indian Med. Res. Memoirs, 
29: 138 pp., Calcutta, Thacker, Spink and Co., 
Ltd. 

Torres, C. M. 1929, Patagenia de la miocarditis 
crénica en la “enfermedad de Chagas.”” Quinta 
reunién de la Soc. argentina de Patologia Re- 
gional del Norte, 2: 902-916. 

———, 1941, Sobre a anatomia patolégica da 
doenca de Chagas. Mem. Inst. Oswaldo Cruz. 
36: 391-404. 

Torres, C. M. and de Azevedo, A. P. 1929a, 
Cellules géantes kystiques chez l'armadillo 
(Dasypus novem cinctus L.) que presente |’ 
infectién spontanée par le Trypanosoma cruzi, 
Chagas 1909. Compt. rend. Soc. de biol. 102: 
412-414. 

———., 1929b, Cellules géantes kystiques chez le 
chien infecté expérimentalement par Trypano- 
soma cruzi souche de l'armadille. Compt. rend. 
Soc. de biol. 102: 416-418. 

Torres, C. M. and Duarte, E. 1948, Miocardite 
na forma aguda da doenga de Chagas. Mem. 
Inst. Oswaldo Cruz. 46: 759-793. 

Wenyon, C. M. 1926, Protozoology, vol. 2, 
London, Ballitre, Tindall and Co. 1563 pp. 
Wood, S. F. 1937, Cytological variations in the 
blood and blood-forming organs of white- 
footed mice experimentally infected with 
Trypanosoma cruzi. Univ. Calif. Publ. Zoél. 41: 

389-418. 




















COMPARATIVE STUDY OF HOST RESISTANCE OF GUINEA 


PIGS AND RATS 


I. VIRULENCE OF DIPLOCOCCUS PNEUMONIAE AND BACILLUS ANTHRACIS FOR 


GUINEA PIGS AND RATS 


W. J. NUNGESTER, VINCENT MOORE,* LEONARD MIKA, Tf AND 
PHEBE WILLIAMS SUMMERS f 


From the Department of Bacteriology, University of Michigan, Ann Arbor, Michigan 


A comparative study of possible 
mechanisms of resistance of two ani- 
mals, the guinea pig and the white rat, 
to two pathogens, Bacillus anthracis and 
Diplococcus pneumoniae, has been un- 
dertaken with the hope of contributing 
to the knowledge of species, or ulti- 
mately organ resistance, or, conversely, 
susceptibility to a given microorganism. 
The two hosts vary markedly in their 
resistance to the selected pathogens. 
Ultimately from findings of work of this 
nature it may be possible to measure 
the resistance of man to a given parasite 
and conversely, the virulence of a given 
parasite for man by logical in vitro pro- 
cedures. At present only empirical 
techniques such as the coagulase test 
with staphylococci are available for 
measuring in vitro the virulence of a 
parasite for man. 

The first studies of this general pro- 
ject will be reported in this paper. The 
virulence of the selected strains of the 
two parasites, D. pneumoniae type | 
and B. anthracis, has been evaluated 
by a determination of the lethal effect 
of the pathogens for the two host species 
and the rate of clearance of the organ- 
isms from the blood stream and organs 
of the two hosts. The results of attempts 
to lower host resistance by splenectomy, 
or by so-called reticulo-endothelial 
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blocking procedures will also be re- 
ported. 

Comparative studies of host resis- 
tance obtained by our associates to be 
published include investigations of the 
effect of serum,' extracts of tissues, 
particularly liver? and leukocytes,’ on 
the two parasites and the effects of the 
pathogens or fractions of such on the 
metabolism of leukocytes,‘ or on the 
activities of adenosine triphosphatase 
from leukocytes of the two hosts,® the 
rat and the guinea pig. These reslts will 
be submitted in subsequent papers. 


GENERAL METHODS AND MATERIALS 


Guinea pigs used in these studies were obtained 
from local dealers and were not definable in 
terms of a genetic strain. On the average these 
animals weighed about 300 g. White rats were 
of the Sprague-Dawley strain and weighed about 
150 to 200 g. 


1. Hench, M. E. 1952, An investigation of the 
effect of blood and serum from resistant and 
susceptible host species on the growth of type 
I pneumococcus. Doctoral Thesis, University 
of Michigan, Ann Arbor. 

. Henley, D. A. 1952, An investigation of the 
pneumococcidal activity of extracts of tissues 
from resistant and susceptible host species. 
Doctoral Thesis, University of Michigan, Ann 
Arbor. 

3. Barile, M. F. 1954, Personal communications. 


Nw 


4. Alonso, D, 1952, A comparative study of the 


metabolism of leucocytes from guinea pigs and 
rats. Doctoral Thesis, University of Michigan, 
Ann Arbor. 


5. Murayama, M. 1953, A study of the adeno- 


sinetriphosphatase activity of leucocyte nuclei 
free homogenates of the guinea pig and the 
rat. Doctoral Thesis, University of Michigan, 
Ann Arbor, 











228 


The strain of D. pneumoniae type | used was 
obtained from Dr. C, P. Miller of the University 
of Chicago, Department of Medicine, and was 
designated by him as strain A-5. In this labora- 
tory it has been carried as strain 76. It was 
routinely maintained by passage through rats at 
3-week intervals. The organism was recovered by 
plating out the heart blcod, then culturing the 
recovered organism in brain heart infusion broth 
for subsequent storage at 5 C. Subcultures were 
made as required and incubated at 37 C for 6 
hours. Experience indicated that with the tech- 
niques employed, this culture was in the logarith- 
mic phase at 6 to 8 hours, and contained from 
10* to 10° organisms per m!. The amount necessary 
to kill mice was usually 10~7 ml of such a culture 
diluted in gelatin (0.5%)-saline (0.85% NaCl) 
and containing from 20 to 50 organisms. 

A culture of B. anthracis (Vollum strain) was 
obtained from Dr. Francis B. Gordon of Camp 
Detrick. Spores of this organism kept at 5 C were 
inoculated into human serum broth and incu- 
bated for 24 hours at 37 C prior to use, 


RESULTS 


Lethal action of pathogens.—Loga- 
rithmic dilutions of the cultures of the 
two pathogens, D. pneumoniae or B. 
anthracis, were inoculated intraperi- 
toneally into the two hosts, guinea pigs 
or rats. The results of repeated tests 
over several years and done by different 
individuals were quite consistent. Table 
1 gives the results of a typical experi- 
ment and indicates that the guinea pig 
is about a million times as resistant to 
intraperitioneal injections of D. pneu- 
moniae type | strain 76 as is the white 
rat. In a similar manner the results of a 

Tasie 1.--Pathogenicity of D. pneumoniae 


type I and B. anthracis (Vollum strain) 
for rats and guinea pigs injected 


intra peritoneally. 
Number of Dead Number Dead 
pneumo Inocu- of Inocu 
cocci lated anthracis lated 
Rats 20 4/5 33,000 o/s 
200 4/5 3.30 000 0 
2,000 5/5 3,300,000 2/5 
20,000 5/5 33,000 ,000 5/5 
Guinea pigs 200 ,000 o/s 4 0/5 
2,000 ,000 2/5 33 0/5 
20 ,000 000 2/5 330 1/5 
200,000,000 4/5 3,300 (2/5 
33.000 5/5 
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typical experiment with B. anthracis 
indicate that it requires about 1000 
times as many organisms of the strain 
used to kill 4 white rat as a guinea pig. 
The difference in susceptibility of guinea 
pigs and rats to D. pneumoniae is less 
generally known than the widely rec- 
ognized difference in susceptibility of 
rats and guinea pigs to B. anthracis, 
although comparative studies have been 
made as early as 1912.° 

The difference in susceptibility of rats 
and guinea pigs to D. pneumoniae in- 
jected by various routes was deter- 
mined. The order of difference in sus- 
ceptibility of these two hosts was the 
same when measured by the lethal ef- 
fects of intracardial and intraperitioneal 
inoculations. By intradermal injection 
the approximate LD, dose for guinea 
pigs was of the order of 10~' ml of the 
test culture and 10-* ml for the rat. 
When the bacteria were injected intra- 
cranially, the lethal dose for guinea 
pigs and rats was 10~* and 10-* ml, 
respectively. In these tests five animals 
were used for each dose and each site 
of inoculation. 

Blood and tissue clearance of D. pneu- 
moniae.—Having determined that the 
rat was nearly a million times more 
susceptible to D. pneumoniae type | 
strain 76 than the guinea pig and at 
least 1000 times more resistant to the 
test strain of B. anthracis, a program 
was begun to search for the underlying 
mechanisms responsible for these 
marked differences in host resistance. 

To determine the rate of clearance of 
inoculated organisms from the blood 
and tissues of animals, 20 guinea pigs 
and rats were injected intracardially 
with about 3.810’ pneumococci. At 
each time interval indicated in table 2 


’ 


6. Truche, C. and Cotoni, L. 1912, Etudes sue le 
pneumocoque. V. Virulence des pneumoco- 
ques, humains et animaux, pour le lapin et le 
cobaye, Ann. Inst. Past. 26: 530-535. 
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TABLE 2.—Rate of clearance of pneumococci from blood and tissues of rats and guinea pigs. 
Liver Spleen Kidney Brain Blood 
Rat G.P Rat G.P. Rat G.P Rat G.P Rat GLP 

15 min 

486 ,000* 21,200 10.2 M_ 250,000 151,000 13,000 76 ,000 4,000 486 000 27 ,000 
300 000 92,000 3.2M_ 550,000 81,000 84,000 29,000 §=10,000 $50 ,000 $42 ,000 
30 min.: 

164,000 8,000 2.0M 16,000 29,000 =11,000 4,000 1,000 196 ,000 12,000 
136,000 9,000 26M 2.7M 88,000 12,000 10,000 x 162 ,000 14,000 

6O min.: 

121,000 1,000 600 ,000 6,000 95 ,000 500 5,000 7,000 4,000 6,000 
113,000 4,000 640,000 21,000 25 ,000 2,000 3,000 1,000 50 ,000 30 ,000 
2 hr.: 

12,000 10 1.3M 9,000 x 1,000 1,000 100 47,000 1,000 
51,000 10 440 ,000 2,000 33,000 1,000 1,000 100 76,000 9,000 
8 hr.: 

440,000 84,000 90,000 97,000 50,000 264,000 1,000 216,000 147 ,000 3.2M 
9M 69 ,000 6.3M 35 ,000 741,000 270,000 70 ,000 77,000 166 ,000 90 ,000 
13 hr.: 
16.7M 3,780 15.8M 11,000 438 000 3,240 28M 1,200 2,700 M 390 
4.0M 220 10.1M 460 17M 1,460 140 ,000 370 20 M 24,000 
24 hr 
1.6M 18,000 24.6M 37,000 16.6M 4,230 9M 42,000 13.1M 3,100 
1.2M 17,000 17.9M 5,400 23 M xX 1.6M 8,000 4.4M 370,000 
30 hr.: 

378,000 3,200 7.4M 4,800 5M 5,400 1.5M 1,440 26M 1,620 

D 1,110 D 6,400 D 70 ,000 D 5,400 D 200 
51 hr 

I 1,200 D 5,000 D 960 D 270 D x 

D 16,000 D 480 ,000 D 702 ,000 D 3,800 D 1,360 

100 hr.: 

D 20 ,000 D 82,000 D 103 ,000 dD 2,150 dD 3,780 
D 10 Db 130 D 12,000 D 550 dD 0 


M, millions 

X, contaminated 
D, dead. 

* Corrected values 


and the 
number of viable organisms present in 
the blood and certain of the tissues de- 
termined. It will from the 
results of a typical experiment given in 


two animals were sacrificed 


be noted 
table 2 that in the rat there was a gen- 
eral increase in number of organisms in 
both the blood and organs. Rat spleens, 
15 minutes after inoculation, contained 
1000 times or more organisms than were 
found in the blood. The number of or- 
ganisms increased in the blood and tis- 
sues until the rats died, usually within 
24 to 36 hours. 

In general, guinea pigs tended to keep 
down the number of organisms in both 
the blood and tissues. The number of 
pneumococci in the spleen, liver, and 
blood of guinea pigs at 100 hours was 
usually relatively small, and in 4 to 6 





number of organisms per gram of specific tissues; 


38 million organisms inoculated into each animal 


days the blood and tissues were sterile. 
Clearance lung. pigs 


and rats were exposed to an aerosol of 


from (Guinea 
D. pneumoniae, using a simple technique 
previously described.’ Guinea pigs and 
rats both received a pulmonary inocu- 
lum of 4 to 5 thousand organisms, as 
shown by plate counts on lungs of ani- 
mals sacrificed immediately after ex- 
posure to the aerosol. In the case of the 
resistant guinea pig, the viable pneumo- 
cocci in the lungs rapidly decreased in 
number, occasionally reaching a zero 
level within 24 hours. Although the 
organism in the rat lung tended to de- 
crease during the first 6 hours, there was 


7. Ames, A. M. and Nungester, W. J. 1949, The 
initial distribution of air-borne bacteria in the 


host. J. Infect. Dis. 84: 56-63, 
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then a marked increase in pneumo- 
cocci. However, after several days the 
lungs were again free of organisms. 

Clearance of blood after splenectomy or 
“blocking of reticulo-endothelial cells 
with 10% saccharated iron oxide.—From 
the results described it is apparent that 
the fixed phagocytic cells of the reticulo- 
endothelial system of both the guinea 
pigs and rat are active in removing this 
test organism from the blood. For this 
reason it was decided to determine 
whether or not splenectomy or blocking 
of the reticulo-endothelial system by in- 
jection of colloidal particles would affect 
the clearance of the blood and tissues of 
organisms in the two hosts. 

The spleens of guinea pigs and rats 
were removed and, after 4 days, these 
animals were injected intracardially 
with 1 ml of a 5- to 6-hour old culture 
of the virulent D. pneumoniae. Four 
hours later the animals were sacrificed 
and bacterial counts were made on 
blood, spleen, and liver tissue. Also, two 
groups of 20 animals each were injected 
with 5 ml intraperitoneally, or 1 ml 
intracardially, of a 10% saccharated 
iron oxide suspension. Sixteen hours 
later the animals were injected intra- 
cardially with 1 ml of a 6-hour pneumo- 
coccus culture. 

The results of these experiments are 
presented in a bar graph (fig. 1). From 
19 to 23 animals were used to obtain 
a mean value for the bacterial content 
of blood and tissues of experimental and 
control animals for each set of condi- 
tions. The most marked effect noted was 
the sharp increase in pneumococci in 
the liver of splenectomized guinea pigs 
4 hours after inoculation as compared to 
normal animals. This increase was not 
associated with an appreciable increase 
in the bacteremia. Splenectomy of rats 
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resulted in a much smaller increase in 
pneumococci in the liver than was noted 
in guinea pigs. Efforts at blocking the 
reticulo-endothelial system either by 
intracardial injection of 1 ml of 10% 
saccharated iron or intraperitoneal in- 
jection of 5 ml of the colloid had rela- 
tively little effect on the fate of injected 
pneumococci in either the rat or the 
guinea pig. 

Early pathology of VD. pneumoniae 
type I in rats and guinea pigs.—Animals 
were inoculated intracardially with 
about 10° pneumococci. At 8, 16, and 
24 hours after inoculation, guinea pigs 
and rats were sacrificed, tissues placed 
in 10% formalin, and sent to the De- 
partment of Pathology of the University 
of Michigan for examination. Dr. 
Charles C. Congdon of that department 
reported : 

“It seems evident, even in this small series of 
animals, that the guinea pig and the rat are dif- 
ferent histologically in their reaction to the or- 
ganism. The difference, however, is quantitative 
rather than The retrogressive 
changes, such as cloudy swelling and simple 
necrosis, are more prominent in the rat then in the 
guinea pig. 


qualitative. 


“The defensive reaction in the guinea pig was 
generally limited to purulent inflammation, 
whereas in the rat this progressed to small foci 
of suppuration and microscopic abscess forma- 
tion.” 


SUMMARY 


In this general orientation study the 
effect of the selected pathogens on a 
resistant and susceptible host in terms 
of producing a fatal infection, the rela- 
tive ability of these two hosts, the guinea 
pig and rat, to clear the pneumococcus 
from the blood stream, and from certain 
tissues have been determined. More de- 
tailed studies on specific defense mech- 


anisms have and will be 


made 
reported in other papers. 


been 





COMPARATIVE STUDY OF HOST RESISTANCE OF GUINEA PIGS 
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MILES E. HENCH* AND W. J. NUNGESTER 


From the Department of Bacteriology, University of Michigan, Ann Arbor, Michigan 


As part of a comparative study of 
defense mechanisms of the rat and the 
guinea pig, animals varying markedly 
and in an opposite sense in their resist- 
ance to Diplococcus pneumoniae and 
Bacillus anthracis,' an investigation has 
been made of the relative effects of the 
rat versus guinea pig blood or serum on 
D. pneumoniae. 


GENERAL METHODS AND MATERIALS 


Genetically undefined guinea pigs, selected only 
on a basis of health and weight (about 300 g, 
average), were used throughout the work. 

The Sprague-Dawley strain of rats was used. 
No selection was made for sex; the average weight 
was about 150 to 200 g. 

The strain of D. pneumoniae type | used as 
the pathogen for this work was maintained in the 
logarithmic phase of growth and at a high degree 
of virulence.’ 

All estimation of organisms in fluids are based 
on viable counts in poured plates, Brain heart 
infusion agar with 3 to 5% freshly added human 
blood was used for plating. 


I, Growth of the pneumococcus in nor- 
mal guinea pig and white rat blood 


These tests represent the initial ex- 
periment in this investigation. They 
were undertaken to determine whether 
a difference could be detected in the 
growth of pneumococci in the blood 
from a resistant and a susceptible host 
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species. In this series a single dilution 
of the pneumococci was inoculated into 
3 ml samples of the blood from each 
species. All blood samples were run in 
duplicate, The normal bloods were com- 
pared to blood aliquots heated at 55 C 
for 1 hour before incubation with 0.1 
ml of 1X10~* dilution of the culture in 
gelation saline. All tubes were incubated 
at 37 C. Immediatey after inoculation 
0.1 ml samples were withdrawn and 
plated for counting. Similar samples 
were withdrawn after 2, 4, and 6-hour 
incubation. Suitable decimal dilutions 
of the samples were made to insure ob- 
taining countable plates. All plates were 
counted after 24-hour incubation. The 
averaged results of tests on 16 indi- 
vidual animals of each of the test species 
are presented in table 1. 

It was shown that while the blood of 
neither of the test species was capable of 
killing the small inoculum, the blood of 
the guinea pig exerted a definite in- 
hibitory effect on the growth of the 
organism. The ratio of the differences 
between the means and the standard 
error of the means of the values for in- 
hibitory effect of the blood of the two 
species was 23. Since a value of 2 can be 
considered significant, this is clearly a 
significant difference, not a chance rela- 
tionship.” 

II. Growth of the pneumococcus in 


normal guinea pig and 
white rat serum 


These tests were undertaken to ob- 
tain information as to the activity of the 


2. Hill, B. 1948, Principles of Medical Statistics, 
Edinburgh, R. and H. Clark, Ltd. 
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ABLE 1.—The growth of pneumococcus in defibrinated blood of the rat and guinea pig 
Population per ml serum at 
Species Treatment 
5 minutes 2 hours 4 hours 6 hours 
Rat None 2.3 «10° 17.6 K10" 58 k10" 54.4 x10" 
Population change* i x 252 2,365 
Guinea Pig None 2.7x108 5.410 5x10 1.7 x10" 
Population change 1 2 19 63 
Rat 55 C 1 hour 1.310" 16.8 K10 00 X10 13.0k10" 
Population change 1 13 692 10 ,000 
Guinea Pig 55 C 1 hour 2.8 «10 7.3 «108 22Kk108" 86.0 X10" 
Population change i ; 75 w7 
observed population 
* Population change equals 
initial population 
serums of the two species against port growth. Since greater growth was 


pneumococci. The procedures followed 
were the same as those previously used 
for whole blood. It was observed that 
serum from the host species was more 
inhibitory than blood. The species dif- 
ference in activity observed in the tests 
of blocd was also present in the serum. 

On the basis of the observation that a 
similar activity could be observed in 
the serum, it was immediately made the 
object of investigation. The removal of 
the many 
advantages in ease of manipulation in 


cellular elements offered 
the tests. 

In order to resolve the question of in- 
adequate nutrition as a possible cause 
of the observed difference in growth of 
pneumococci in the serum of the two 
test species, a series of experiments was 
undertaken using massive inoculation, 
long periods of culture, and dilution of 
serum, Dilutions of serum with a non- 
nutrient diluent offered the most prom- 
ising evidence in the nutrition investiga- 
The pre- 
pared as decimal dilutions in saline. Two 


tion. serum dilutions were 
dilutions of type I pneumococcus from 
6-hour culture were inoculated. Popula- 
tion estimates were made at the time of 
inoculation and after 24-hour 
tion. 


incuba- 


The results indicated that dilution of 
the serum of both species permitted an 
increase in growth after some critical 
dilution had been reached. Higher dilu- 


tion of the serums were unable to sup- 


diluted both 
species than in the undiluted, it was con- 


obtained in serum of 
cluded that relative nutritive value was 
not the critical factor affecting growth 
of pneumococci. 


III. The activity of normal serum 
components in pneumococcidal action 


Complement: Determinations made 
here indicated that the hemolytic com- 
plement titer (using rabbit anti-sheep 
cell serum and 50 % hemolysis units) of 
normal guinea pig serum was approxi- 
mately 5.5 times that of normal rat 
serum. The figures were derived from 
values determined on eight pooled sam- 
ples of each species. This indicated that 
the resistant species, the guinea pig, 
also possessed the higher complement 
titer. Individual samples did not dem- 
onstrate a fixed relation between com- 
plement titer and inhibitory power. 

Normal concentrations of comple- 
ment were increased by addition of com- 
plement fractions prepared by the dilu- 
tion method of Ferrata.’ The fractions 
of guinea pig and rat serum thus 0’- 
tained were tested by adding them to 
fresh serum samples in an attempt to 
augment existing bactericidal activity. 
All samples were compared to normal 
non-reinforced serum controls. None of 


3. Ferrata, A. 1907, Die Unwirksamkeit der 
komplexen Hamolysine in salzfrein Losungen 
und ihre Ursache. Berlin Klin. Wehnechr. 44: 
366-368, 
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the complement fractions obtained from 
the serum of either species showed any 
ability to increase the normal inhibitory 
power of the serums to which they were 
added, 

Within a few minutes after heating at 
56 C. serum loses complementary ac- 
tivity because of the destruction of C’; 
and C’,. C’; and C’, are more resistant, 
but if heating is continued for 30 to 40 
minutes, most of the C’,; and C’, ac- 
tivity may be lost as well.‘ The effect of 
heating for varied periods of time and at 
various temperatures on the inhibitory 
activity of normal serums was investi- 
gated. In all cases the inhibitory power 
of the serum from either rat or guinea 
pig was found to increase proportion- 
ally to the length of time of heating or 
the temperature of storage up to 50 C. 
used in these tests. 

It would seem that, while the com- 
plementary activity and the inhibitory 
power for pneumococcus are both 
greater in the guinea pig than in the rat, 
the simultaneous occurrence is not a 
cause and effect relationship, since 
destruction of the complementary ac- 
tivity does not adversely affect the in- 
hibitory power. 

Normal antibodies.—All attempts to 
detect the presence of antipneumococcal 
antibody in the serum of normal guinea 
pigs and rats have failed. The agglutina- 
tion technique was employed, with both 
macroscopic and microscopic observa- 
tions. No quelling reaction has been ob- 
served with serum from normal in- 
dividuals of either species. 

Serum fractions.—Several fractiona- 
tion techniques, salt, ethanol, and dis- 
tilled water were used in an attempt to 
associate the antipneumococcal activity 
of the serum of the guinea pig with a 
definite component, None of the frac- 


4. Kabat, E. A. and Mayer, M. M. 1948, Experi- 
mental Immunochemistry, Springfield, Ull., 
Thomas. 





Mires E. Hencu anp W. J. NUNGESTER 


tions of serum tested consistently forti- 
fied the existing bactericidal power of 
the serum against pneumococcus. The 
most frequent observation obtained was 
that addition of a fraction lowered the 
bactericidal activity. This was particu- 
larly true of the protein fractions. 


IV. The effect of some physical and 
chemical manipulations on the 
Growth of pneumoccocct in rat 

rat and guinea pig serums 


In the course of experimentation on 
the effect of agitation on the bactericidal 
activity of blood, it was noted that 
agitated serum increased markedly in 
bactericidal activity. The cause of this 
change was investigated. 

Pooled fresh rat and guinea pig 
serums were prepared and distributed 
in 1 ml quantities to test tubes. An im- 
mediate determination of the bacteri- 
cidal activity, with the test tubes 
stationary, was made on one series from 
each species. A second series was agi- 
tated for 24 hours at 37 C before testing. 
After agitation, pH values were deter- 
mined and adjusted to physiological 
range by addition of 1 NV HCI. A bacteri- 
cidal test was then made with the tubes 
stationary. The results presented in 
table 2 indicate that a basic shift in pH 


TABLE 2.—The effect of agitation in air for 24 hours 
on the pH and pneumococcidal activity of rat and 
guinea pig serum: pneumococcidal power after 
neutralizing agitated serum. 





pH Population per 
Species Shaken shift on - ™ mi at 
shaking ®@)¥* T 
Ohours 24 hours 
Rat - 9x18 =6©1K10° 
= 9x18 0 
oK1e 0 
Rat 7.7-86.6 7.2 7x10® 2KIO 
+ 7.7-8.6 7.2 7xi0* =61 «107 
+ 7.7-86.6 7.2 7K = 63 KIO 
Guinea pig - oxK1Ie 2 KIO 
- oxime 0 
= 9 xKle 0 
Guinea pig + 7.6-8.1 7.3 7K10e 410 
+ 7.6-8.1 7.3 7«K10 40 
+ 7.6-8.1 7 
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occurred on agitation and that neutrali- 
zation of the serum removed the bacteri- 
cidal power of the rat serum and re- 
duced that of the guinea pig. 

When the serum buffer capacity was 
increased by the addition of 0.3 ml of 
0.15 M phosphate buffer (pH 7.2) to 
1.0 ml of serum, it was found that the 
marked basic shift in pH was prevented 
and the bactericidal power did not in- 
crease on aeration, 

When fresh serum was made basic by 
addition of 1 N NaOH, it was found to 
be equally toxic for pneumococci. It was 
considered that the increased toxicity was 
due to the sensitivity of the pneumococci 
to the induced alkalinity of the serum.® 

Observations of 1.0 ml quantities of 
serum incubated at 37 C indicated that 
the serum of both species can reach pH 
of 8.3 in 3 hours and 8.9 to 9.0 in 24 
hours. When the serums were placed in 
a partial vacuum (5 cm Hg), a shift 
from the normal value of fresh serum 
to 8.2 to 8.3 was achieved in 15 minutes. 
CO, the component 
most likely to be lost from the serum. 

Tests were 


was considered 


made to determine the 


5. Dernby, K. G. and Avery, O. T. 1918, The 
optimum hydrogen ion concentration for the 
growth of pneumococcus. J. Exper. Med. 28: 
345-357. 
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change in pH values when gaseous ex- 
change was minimized. Blood was col- 
lected and the serum separated under 
sterile mineral oil. The serum was dis- 
tributed in 1.0 ml amounts under min- 
eral oil seal and the pH values deter- 
mined After 24 
hours under mineral oil, the pH value 
for the rat serum was 7.05 and for the 


after time intervals. 


guinea pig serum, 7.15. It is apparent 
that the mineral oil had prevented the 
basic shift. 

According to Van Slyke, the CO, ten- 
sion of alveolar air for normal resting 
adult humans is 4.7 to 6.8%. Serum 
equilibrated with a 5% concentration of 
CO, might approximate physiological 
concentration for arterial blood, of that 
component. When serum was distrib- 
uted as before and held in a closed jar 
with a 5% CO, and 95% Nz atmosphere, 
the pH shifted only slightly to 7.8 after 
24 hours. 

Evaluation of the bactericidal activ- 
ity of the serums of the test species un- 
and CON» 
atmosphere showed the pneumococcidal 


der mineral oil under 
activity to be lessened. Representative 
table 3. It can be 
that under the 


atmosphere conditions rat 


data are shown in 


seen from these data 
controlled 


serum did not destory a minimum inoc- 


TABLE 3.—The effect of controlled atmospheres on the pneumococcidal activity 
of rai and guinea pig serum, 
Population per ml at 
Species Atmosphere 

0 hours 6 hours 24 hours 
Rat Oil seal 12 K10 i x10" 1 wo 
Oil seal 12 K10 i «Kw 1 KIO 
Oil seal 12 K1e 1.510 1 x10" 
Oil seal 12 2.310 i x10 
Guinea pig Oil seal 12 K10 1 x10’ 1.1 «108 
Oil seal 12 K10 1.7 Kio 9.4Kie 

Ol seal 12 Ki 4 0 

Oil seal 12 0 0 
Rat 5%COr9S%Ns 15 Kim 1 x10 1 “ior 
5% COr 95RN: 15 x10" 1 x10" 1 xi 
5%COr9S%N:s 15 K1e 5.8 KI 1 x1O" 
5% COr9S%N: 15 1.9 Ki 1 w1lO* 
Guinea pig 5% COr9S%N: is Kio 1x10" 4 Kio 
5% COr95%Ns 15 X10 1.5 X108 1 X10" 
5% COr9S%N: 15 x1 5.6Kie 2.3Kie 

40 0 


S%COr9SUNs 15 
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a. Normal Rat Serum 


a 


c. Normal Guinea Pig Serum 
Fic. 1. 
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b. Shaken Rat Serum 


Sal 


d. Shaken 





Guinea Pig Serum 


Electrophoretic patterns of normal rat and guinea pig serum proteins before and after 


24-hour aeration by shaking. Veronal buffer, pH 8.6. a. Migration time 180 min, potential gradient 
9.3 v/em; b. 180 min, 9.0 v/cm; c. 200 min, 7.7 v/cm; d. 220 min, 7.9 v/cm. Descending arms. 


ulum, Although the pneumococcidal 
power of guinea pig serum was reduced 
in the anaerobic tests, the number of 
viable organisms was still reduced in 24 
hours. Under 5% COs, a stasis in the 
110° inoculum is effected with a re- 
sulting decline in numbers. 

With an addition of O, to the CO»- 
N, atmosphere it was observed that the 
pH readings shifted to basic values, 
indicating that factors other than the 
breakdown of the bicarbonate-carbon- 
ate buffer system were involved. When 


an atmosphere of 76% No, 4% COx, and 
20% Or. was used, pH values of 8.0 were 
reached in both rat and guinea pig 
serums in 24 hours at 37 C. Employing 
an atmosphere of 9.5% COs, 44% Ou, 
and 66.5% Noe, a similar basic shift was 
observed. Even this higher concentra- 
tion of CO, was unable to maintain 
normal pH values in the presence of Oz. 

Electrophoretic analysis using a 
Tiselius apparatus revealed that a re- 
distribution of the protein components 


of rat serum on aeration was reduced 
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murs 9 


a.N, Atmosphere 


c. 13% O,, 4% COs, B3%N, 


Fic, 2. 
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b. 5% CO, , 95% Nz Atmosphere 





\ 


Seal 





d. Mineral Oil 


Electrophoretic patterns of normal rat serum exposed for 24 hours to varying atmospheres. 


Veronal buffer, pH 8.6; migration time 180 min, Potential gradient: a. 9.0 v/em; b. 6.9 v/em; c. 6.7 


v/em; d. 7.1 v/cm. Descending arms 


when loss of CO, was minimized. The 
patterns obtained from rat and guinea 
pig serums before and after aeration are 
shown in figure 1. These serums were 
run in veronal buffer at pH 8.6. 

The new peak shown on the treated 
rat serum sample (fig. 1b) comprises 
28.7% of the total protein; the albumin 
fraction of the same sample is 45.6%. 


The combined concentration of the 
albumin and the new components is 
74.3%. Planimetry of the pattern ob- 


tained from normal serum shows that 


the albumin component is 71.5% of the 
total protein represented. This suggests 
that the new component developing on 
agitation the albumin 
fraction. No significant change in the 
distribution of the 
occurred in agitated guinea pig serum. 

When the 
property of the serums on agitation was 
shown to be related to the loss of CO, 
from the serum, further electrophoretic 
patterns 


emerges from 


protein fractions 


increase in bactericidal 


determine 
whether the formation of the new com- 


were obtained to 
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ponent in rat serum was affected when 
CO, loss was prevented. Figure 2 is a 
reproduction of electrophoretic patterns 
obtained from serum exposed to various 
atmospheres for 24 hours before analy- 
sis. The selected gases were introduced 
into evacuated jars in which the test 
tubes were placed. The jars were then 
stored for a 24-hour period at 37 C be- 
fore the serum was dialyzed against the 
buffer for analysis. A sterile mineral oil 
covering was placed over the serum 
analyzed in figure 2d. It can be seen 
that in none of the serums in which the 
loss of CO, was prevented did a sec- 
condary component emerge as com- 
pletely as in aerated serum (fig. 1). Un- 
der the Nz, atmosphere into which the 
serum loses CO, the new component 
can be seen to emerge as completely 
as when the samples were agitated in 
air. 

The generous cooperation of Dr. 
Makio Murayama* established that 
conditions leading to the emergence of 
the component from the albumin were 
associated with changes in serum sulf- 
hydryl content. 

Table 4 presents the mean values for 
data obtained by amperometric deter- 
mination of the protein sulfhydryl 
groups of serum from rats and guinea 
pigs before and after 24-hour aeration. 

It can be seen from the data presented 
that aeration which produced a basic 
shift in pH values of the serum also 
produced a change in the protein 
sulfhydryl groups. There is a twentyfold 
difference in the drop in titrable sulf- 
hydryl groups between the serums of the 
two species. The fact that the drop in 
titrable sulfhydryl groups is observed 
in rat serum which also developed the 
new component suggests that the two 
events are related. 

An examination was made of the 
serum of rats starved for 72 hours be- 


* Harper Hospital, Detroit, Michigan. 
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TABLE 4.—The effect of aeration on the protein 
sulfhydryl groups of normal rat and guinea pig 
serum as determined by amperometric tiration. 


~ Fresh Aerated 
Species serum* 24 hours* Difference* 
Rat 37.2 umoles 20 .8 wmoles 16.4 smoles 


Guinea pig 32.2 umoles 31.4 wmoles 0.8 umoles 


* Values given as ~moles per 100 mi serum. 


fore testing. This serum proved to be 
highly bactericidal when tested in an 
air atmosphere. The marked bacteri- 
cidal activity could be removed by the 
maintenance of a CO, level of 5% by 
volume. Amperometric titration of se- 
rum protein sulfhydryl groups showed 
that this serum actually had a slightly 
higher sulfhydryl content than normal 
serum. A titration series made on seven 
animals gave a mean value of 41.5 yu 
moles of protein sulfhydryl per 100 ml 
of serum (the extreme values were 41.0 
and 42.0). The greater sulfhydryl con- 
tent would seem to indicate one might 
expect the formation of more of the 
slower component on agitation of this 
serum. However, electrophoretic analy- 
sis showed the new component was 
formed in less than half the quantity 
found in agitated normal serum. An 
explanation was found when titration of 
the sulfhydryl groups of starved rat 
serum protein revealed that although 
the total protein sulfhydryl groups had 
increased over the content of normal 
serum, there was a marked qualitative 
difference in the reactivity of the sulf- 
hydry! groups of the starved rat serum. 
The value for the sulfhydryl groups be- 
fore aeration was determined as 40.0 
w# moles per 100 ml of serum. On aera- 
tion this value was observed to drop to 
35.0 » moles per 100 ml, a difference of 
only 5.0 u moles, as compared to the 
value of 16.4 uu moles difference ob- 
tained on aeration of normal rat serum. 

The addition of sulfhydryl-containing 
compounds to the test serums indicated 
that these compounds were capable of 
lowering the bactericidal power when 
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added in sufficient quantities. 

Thioglycollic acid added in 1.0 mg 
per ml amounts of normal rat serum re- 
moved the bactericidal effect. It was 
found that the addition of as much as 
22 mg of the compound to guinea pig 
serum lowered, but did not entirely 
remove, the pneumococcidal activity. 
The addition of 10 mg of glutathione 
per ml of rat serum was necessary to re- 
move the bactericidal activity. A similar 
quantity added to guinea pig serum did 
not markedly affect the activity. 


DISCUSSION 


In inoculated serum incubated in air 
the tendency to become basic through 
loss of CO, is opposed by the acid pro- 
duction of the pneumococcus. When 
sufficient organisms are present the se- 
rum becomes slightly acidic. With 
fewer organisms present the loss of CO, 
will shift the pH to the alkaline range. 
The optimum pH for type I pneumo- 
coccus is 7.8.** The extremes are given 
as 7.0 to 7.2 and 8.2 to 8.3. This indi- 
cates that the pneumococcus is limited 
in growth by a pH value achieved by 
sterile serum in air at 37 C in slightly 
less than 3 hours. Acid production by 
the pneumococcal metabolism 
counterbalance this shift in some in- 
stances. It is likely, then, that when se- 
rum is tested in air a higher bactericidal 
titer will be obtained than when CO, 
loss is limited. Clearly this could be mis- 
leading in in vitro tests of bactericidal 
activities in serum systems. 

An additional factor must be con- 
sidered in interpretation of growth un- 
der conditions of varied CO, concentra- 
tions: the stimulating effect of that gas. 
Kempner and Schlayer* have shown that 
0.1 volume percent permitted growth, 
but the growth did not become log- 
arithmic for 21 hours. 


can 


6. Kempner, W. and Schlayer, O. 1942, The 
effect of carbon dioxide on the growth rate of 
the pneumococcus. J. Bact. 43: 387-396. 
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Tests of the bactericidal property of 
serum under enriched CO, atmospheres 
showed that all activity could be re- 
moved from rat serum. Under the same 
conditons guinea pig serum destroyed 
approximately 1000 pneumococci per 
mil in 24 hours. 

Oxygen, even in quantities up to 44% 
of an atmosphere, produced little 
change in batericidal activity of guinea 
pig serum. At the higher concentrations, 
however, even in the presence of CO, 
concentrations shown to be capable of 
maintaining stable pH values in the 
absence of Oy», a basic shift occurred. 
The mechanism of this basic change un- 
der the influence of O, is not apparent. 

Dubos’ has demonstrated that in the 
oxidized form methylene blue and in- 
dophenol are bacteriostatic for pneumo- 
cocci, while indigo and certain other 
dyes are not. When these inhibiting 
dyes were present in reduced form in a 
medium capable of maintaining them in 
that condition, they were no longer 
toxic. Certain commercial peptones 
were also shown by Dubos* to possess 
bacteriostatic activity gainst pneumo- 
cocci when incorporated into an other- 
wise adequate medium. These peptone 
preparations were active when oxidized, 
inactive when reduced. Thioglycollic 
acid the oxidized peptone 
medium was able to overcome the bac- 
teriostatic activity, permitting a small 
inoculum to grow. 

In view of the fact that bacteria are 
known to exert a strong reducing force 
during active growth, relative oxidation- 
reduction capacities of the organisms 
inoculated and the oxidation-reduction 
system of the medium p'ay a most im- 


added to 


7. Dubos, R. J. 1929, The relation of the bac- 
teriostatic action of certain dyes of oxidation- 
reduction processes. J. Exper. Med. 49: 575 
592. 

8. Dubos, R. J. 1930, The bacteriostatic action of 
certain components of commercial peptones 


as affected by conditions of oxidation and re- 


duction. J. Exper. Med. $2: 331-345. 
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portant role. A larger number of organ- 
isms inoculated into a medium with a 
strong oxidizing potential but with a 
weak capacity for poising might readily 
reduce the oxidation-reduction system 
of the medium, and grow well. A smaller 
inoculum against the same system might 
be expected to be held in stasis and die. 

Determination of the potential devel- 
oped by fresh serum of the rat and 
guinea pig indicated that the later is 
electropositive compared to the rat 
serum. The difference was 52 to 57 
millivolts between the serums freshly 
exposed to air, A consistently greater re- 
ducing potential in the rat serum was 
obtained throughout 4 hours of expo- 
sure of the serum to air. The system 
was not in equilibrium during the ob- 
servation period. This factor and the 
complexity of the serum make inter- 
pretation of the observed potentials 
difficult. However, since the two sys- 
tems were measured by the same tech- 
nique under experimentally identical 
circumstances, it is felt that these rela- 
tive values may be considered valid. 
The relatively greater reducing po- 
tential observed in the rat serum may be 
responsible for the growth of an inocu- 
lum which cannot overcome the greater 
oxidizing potential in guinea pig serum. 

Sulfhydryl containing compounds, 
such as glutathione and thioglycollic 
acid, added to serum, acted to remove 
the bactericidal activity even when 
tested in air. Smaller quantities of the 
reducing compounds were necessary to 
promote growth in the rat than in the 
guinea pig serum. The qualitative dif- 
ference demonstrated in the sulfhydryl 
groups of rat serum compared to guinea 
pig serum has been in their lability. The 
twentyfold difference in reactivity is 
probably related to the lower oxidation 
potential of rat serum. 

Schoenbach et al’ 


have recently 


9. Schoenbach, E. B., Armistead, E. B. and 
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shown that in a variety of abnormal 
conditions, including infection, the 
sulfhydrul content of human serum de- 
creases. In 13 samples of serum from in- 
fected patients there was on the average 
1.43 mg less of cysteine equivalent per 
100 ml than in normal serum. This ob- 
servation might lend itself to an ex- 
planation of the increased bactericidal 
action of human serum drawn at the 
time of acute infection, as noted by 
Tillet."° He surmised that ‘‘the element 
in serum responsible for the death of 
streptococci is active in oxidized form 
but seriously impared when reduced’. 
Together with Stock,” he observed that 
an aerobic conditions lessen the basic 
shift in human serum and also lower the 
bactericidal power. It is possible that 
the lower sulfhydrul content of the 
acute phase serum accounts for its ac- 
tivity compared to normal serum under 
conditions in which toxic pH changes 
do not occur, 

Electrophoretic analysis of rat and 
guinea pig serum after aeration by 
gentle shaking showed the presence of a 
component not found in fresh normal 
rat serum. No such change was ob- 
served in the guinea pig serum. Plani- 
metric analysis of the distribution of the 
serum proteins suggests that the in- 

Weissman, N. 1950. The sulfhydryl content 
of normal and abnormal human serums. Proc. 
soc. Exper. Biol. & Med. 73: 44-46. 

10. Tillet, W. S. 1937, The bactericidal action of 
human serum on hemolytic streptococci. I. 
Observations made with serum from patients 
with acute infection and normal individuals. 
J. Exper. Med. 65: 147-161. 

11. Tillet, W. S. 1937, The bactericidal action of 
human serum on hemolytic streptococci. IT. 
Factors which influence the phenomenon in 
vitro. J. Exper. Med. 65: 163-176. 

12. Tillet, W. S. and Stock, C. C. 1937. The bac- 
tericidal action of human serum on hemo- 
lytic streptococci. III. Studies concerning (1) 
significance of hydrogen ion concentration in 
relation to streptococcidal action of serum, 
and (2) the effect of reducing agents on the 
phenomenon. J. Exper. Med. 66: 617-637. 
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duced from the 


albumin, since these two components 


component emerges 
vary in an inverse relationship. 

Moore et al"* observed changes in rat 
serum from hypophysectomized ani- 
mals compared to normals. The album- 
in-globulin ratio of the serum deter- 
mined chemically and_ electrophoreti- 
cally was observed to be lower in the 
treated animals. These latter specimens 
showed an a globulin component lacking 
in the normal serum. 

Moore" in analysis of adult rat serum 
in barbiturate buffer shows a distribu- 
tion of 58% and 20% for ablumin and 
“a, globulin” (components 1 and 2). 
The distribution of components in im- 
under the 
and 6%, 


tively. It is possible that the distribu- 


mature rats serum same 


condition was 72% respec- 
tion of components in these patterns 
has been influenced by conditions of 
storage before analysis. 

Roberts and White,” studying the 
origin of serum proteins, made Tiselius 
patterns of normal and treated serum 
from Sprague-Dawley rats. These 
that rat serum in- 
cubated 3 hours with minced rat liver 
(200 mg/2 ml serum) underwent a 
change in its serum components. Dur- 


workers observed 


ing the period of incubation an atmos- 
phere of 95% O2. and 5% CO, was em- 
ployed, except in a single instance in 
which 100% Ne was used. The greatest 
component changes were observed in 
the lowering of concentration of albu- 
min and increase in the ‘‘a, globulin.” 
The toal concentration of ablumin plus 


‘a, globulin” in the untreated sample 


13. Moore, D. H., Levin, L. and Leathen, J. H. 
1944, Globulin fraction of the serum of nor- 
mal and hypophysectomized rats. J. Bio- 
chem. 153: 349-353. 

14. Moore, D. H. 1945, Species differences in 
serum protein patterns. J. Biol. Chem. 161: 
21-32. 

15. Roberts, S. and White, A. 1949, Studies on 
the origin of the serum proteins. J. Biochem. 


180: 505-516. 
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was 71.0% of the total and in the 
treated sample 69.5% of the total. The 
authors noted that “the processes in- 
volved in the loss of albumin and gain 


in “a; globulin” under an- 
aerobic as well as aerobic conditions and 


might be causally related.” 


occurred 


The results of the present study are in 
complete agreement with this causal 
relationship. However, the critical fac- 
tor appears to be the CO, tension with 
its related hydrogen ion effects, rather 
than O, tension alone. 

Observations made here indicate that 
the “a, globulin’ component obtained 
by Roberts and White in normal and 
treated serums can be prevented from 
forming in the normal samples if equi- 
libration with air is prevented by min- 
eral oil seal during preparation. 

In view of the fact that sterile serum 
without added tissue has been shown to 
devlop a new component resembling the 
“a, globulin,” 
liver cannot 


the addition of minced 
be considered the deter- 
mining fact of in the “‘liberation”’ of this 


component as suggested by Roberts and 


White. 
SUMMARY 


The effect of blood and serum from 
normal guinea pigs and white rats on 
the growth of type I pneumococci in 
vitro has been determined. 

Both blood and serum from the resist- 
ant host (guinea pig) were shown to be 
more pneumococcidal than that from 
white rats. Part of the activity in the in 
vitro test can be attributed to toxic pH 
changes brought about by the loss of 
CO, from the serum. Evidence is pre- 
sented relating the pneumococcidal ac- 
tion in the absence of toxic pH change 


to a higher oxidation-reduction po- 
tential in guinea pig serum, 
A controllable variation in the dis- 


tribution of rat serum proteins fractions 
was observed by electrophoretic analy- 


5158. 
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Studies on the effects of X irradiation 
on immunity have been most recently 
reviewed by Taliaferro and Taliaferro.' 
In general, the results of these and sub- 
sequent investigations indicated that X 
irradiation in large doses inhibits anti- 
body formation and increases suscepti- 
bility to infection. 

In the present investigation the 
course of infection by Trypanosoma dut- 
toni, a nonpathogenic hemoflagellate of 
the mouse, was followed in irradiated 
mice. This parasite offers several ad- 
vantages in the study of immunity. 
Among these are: (1) The parasite is 
large enough for morphological study. 
(2) The parasite is limited to the blood 
stream; therefore, changes in the para- 
sitic population may be observed daily 
without sacrificing the host. (3) The ex- 
tent of reproductive activity of the para- 
site may be followed by daily examina- 
tion of blood smears for division forms. 
The last gives a measure of the rate of 
reproduction irrespective of the number 
of organisms killed. Measurement of the 
basic rate of parasite reproduction in 
conjunction with change in numbers of 
the surviving population permits a 
sharp distinction between reproduction- 
inhibiting and parasiticidal effects. 
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1. Taliaferro, W.-H. and Taliaferro, L. G. 1951, 

Effect of X-rays on immunity: a review. 

J. Immunol. 66: 181-212. 


Previous work on T. duttoni has 
indicated that: (1) There is an innate 
factor in normal mice which partially 
inhibits reproduction of the trypano- 
somes. This partial inhibition, which 
disappears as the result of splenectomy 
and India ink blockade,’ is indicated by 
the lower percentage of division forms 
(a measurement of reproductive activ- 
ity) in the trypanosome population in 
control as compared to splenectomized- 
blockaded animals. It is not due to a 
passively transferable antibody or sero- 
logical principle.* (2) After the infection 
has progressed 6 to 8 days, an antibody 
(ablastin) is formed which further in- 
hibits reproduction of the parasites.’ 
(3) Eventually, one or more parasiti- 
cidal antibodies (lysins) are formed 
which kill large numbers of parasites.* 

This investigation, outlined in a pre- 
liminary report,‘ is concerned with the 
study of the effects of X irradiation on 
the immunity of the mouse to 7. dut- 
toni, with special reference to the innate 
phase of immunity. 


MATERIALS AND METHODS 


The strain of T. duttoni used in these studies 
was obtained in Puerto Rico and has been main- 
tained by Dr. W. H. Taliaferro at the University 
of Chicago since 1945. 


2. Taliaferro, W. H. and Pavlinova, Y. 1936, The 
course of infection of Trypanosoma duttoni in 
normal and in splenectomized and blockaded 
mice. J. Parasitol. 22: 29-41, 

. Taliaferro, W. H. 1938, Ablastic and trypano- 
cidal antibodies against Trypanosoma dutioni. 
J. Immunol, 35: 303-328. 

4. Jaroslow, B. N. 1954, Effects of X irradiation 

on immunity of the mouse to Trypanosoma 
duttoni. Federation Proc. 13: 498. 
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The mice used in all experiments were 10- to 
16-week-old CF #1 females. Animals composing 
an experimental group were of the same age. 

The experimental mice were infected intra- 
venously with trypanosomes from donor mice 
with 10-day-old infections. Blood was obtained 
from anesthetized donor mice by cutting the 
brachial artery and collecting the blood from the 
pocket formed by the skin and thoracic wall.' The 
blood was centrifuged in 15 ml conical centrifuge 
tubes at a relative centrifugal force (RCF) of 150 
times gravity (g) at room temperature for 25 
minutes. The trypanosomes were decanted off in 
the supernatant plasma and centrifuged at 4 C 
at a RCF of 1700 g in Kolmer centrifuge tubes 
for 40 minutes. They were resuspended in phos- 
pate-saline solution similar to that of Krebs and 
Henseleit,* as modified by Moulder.’ The number 
of trypanosomes for inoculation into experi- 
mental mice was determined from hemocytome- 
ter counts. 

The infecting dose in various experiments 
ranged from 2 to 1010* parasites. All mice in 
any one experiment received the same number. 
The course of the infection did not seem to de- 
pend on the size of the inoculum. 

Trypanosome counts were made every 2 days, 
using the technique of Kolmer.’ The tip of the 
mouse’s tail was cut, and the blood was taken up 
in a red-cell pipette and diluted to mark with 
1.5% acetic acid. Parasite counts were then made 
with a hemocytometer. 

Blood smears were made daily, fixed in abso- 
lute methyl alcohol for 5 minutes, air-dried, and 
stained in 4% Giemsa stain in buffered water, 
pH 7.2. The level of reproductive activity of the 
parasites was measured in terms of percent 
“young"’ and dividing forms, according to the 
method of Taliaferro, Cannon, and Goodloe.* 
Fifty to 100 trypanosomes were examined con- 

secutively and classified as ‘“‘adult,”’ “young,” or 
dividing forms. In those smears where few para- 
sites could be found, only 25 trypanosomes were 


5. Moulder, J. W. 1948, The oxidative metabo- 
lism of Trypanosoma lewisi in a phosphate- 
saline medium. J. Infect. Dis. 83: 33-41. 

6. Krebs, H. A. and Henseleit, H. 1932, Unter- 
suchungen tiber die Harnstoffbildung im Tier- 
kérper. Ztschr. f. physiol. Chem. 210: 33-66. 

7. Kolmer, J. A. 1915, A method of transmitting 
known numbers of trypanosomes. J. 
Dis. 17: 79-94. 

8. Taliaferro, W. H., Cannon, P. R. and Good- 

loe, S. 1931, The resistance of rats to infection 

with Trypanosoma lewisi as affected by splen- 

ectomy. Am. J. Hyg. 14: 1-37. 
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examined. Any trypanosome 25 » or less, meas- 
ured from the tip of the flagellum to the posterior 
end, was classified as “‘young,"’ while any above 
25 w was placed in the “adult” classification. 
When doubt existed as to category, the parasite 
was drawn with the camera lucida at 3000 mag- 
nification and measured with a calibrated pair of 
dividers. When division had proceeded to a point 
where multiple flagella were present, each poten- 
tial daughter cell was counted as an individual. 

All mice received subcutaneous injections of 6 
mg of dihydrostreptomycin daily, beginning 2 
days after irradiation and continuing until the 
end of the experiment, According to Miller et al.,* 
this was the method of choice for minimizing 
postirradiation bacteremia, This regimen of di- 
hydrostreptomycin dosage did not affect the 
course of the trypanosome infection. 

The mice in all experiments were irradiated in 
small, ventilated plastic tubes arranged in a circle 
on a rotating table. X-ray factors were: 250 KV, 
15 ma, 0.5 mm Cu plus 3 mm Bakelite filters, 
HVL =1.5 mm Cu. Dose rate was 22 r per minute 
as measured by a Victoreen chamber in air inside 
a plastic tube at the same location as the center 
of the mouse. Target distance was 69 cm. Total 
dose for all mice was 550 r. All infected animals 
died within 14 days after exposure to this dose 
of radiation. 


RESULTS 


Effects of X irradiation on the course of 
infection 


All mice were infected with 7. duttoni 
one day after irradiation of the experi- 
mental group. 

The curves (fig. 1) of reproductive 
activity represent the mean daily value 
for 90 irradiated (X) and 81 nonirradi- 
ated (C) mice. Parasitemia curves show 
the mean value for 14 mice, chosen at 
random, in each of the two groups. Re- 
productive activity in the controls pro- 
ceeded at a low level until the 6th day, 
when it decreased, owing to the forma- 
tion of ablastin. The parasitemia rose 
slowly but never exceeded 50,000 try- 
panosomes per cmm in any individual 


9. Miller, C. P., Hammond, C. W. and Tomp- 
kins, M. 1950, Reduction of mortality from 
X-radiation by treatment with 
Science, 111: 719-720. 


antibiotics 














244 


BERNARD N. JAROSLOW 




















oe at, ae T T - T 
of 
a & 
Oe 
SO 
Yu 
© 1Or nal 
So 
sé 
oo 
v'> 
r= ‘e) + + + + ¥ — - 
© C (non-irradiated) 
O xX (550r) 
oe “ee ~ 
WwW 
= 
ra) 
o 
S 400 ~ 
4 
a- 
> € 
ce 
- Oo 
a 300 -* 
°o8 
ra 
z 200 7“ 
a 
o 
> 
4 
be 100 “a 
0 1 | 
8) 2 a4 6 68 10 12 


DAYS AFTER 
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INFECTION 


~The course of 7. duttoni infection in 81 nonirradiated (C) mice and 90 irradiated (X) 


mice, as shown by reproductive activity (young and dividing forms) and parasitemia (thousands of 


trypanosomes). 


of the group. The reproductive activity 
and the parsitemia in irradiated animals 
increased rapidly and gave no indica- 
tion of decreasing up to the time of 
death. As early as the 3rd day after in- 
fection, the parasitemia in the irradiated 
animals was 18.32 +4.53 thousand per 
cmm as compared to 6.86+1.26 thou- 
sand per cmm for controls, with P <0.01. 
Analysis for differences in reproductive 
activity was made by comparing the 
peak division rate in each mouse of the 
two groups during the first 5 days after 


infection. This was the period before 
the onset of acquired immunity could 
first be detected. The were 
23+1% young and dividing forms for 
irradiated and 10+1% for 
with P <0.001. 

The parasitemia, although influenced 
by reproductive activity, was not solely 
dependent upon this factor. This is 
clearly demonstrated in figure 2. An 
unirradiated mouse (C59) in which the 
reproductive activity of the parasites 
was high is compared to an irradiated 


means 


controls, 
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Fic. 2 


The course of T. duttoni infection in 2 unirradiated (C59 and C55) and 2 irradiated (X66 


and X77) mice. Note the lack of correlation between reproductive activity (young and dividing forms) 


and parasitemia (thousands of trypanosomes) 


mouse (X66) in which it was low during 
the first 5 days of infection and vice 
versa (C55 and X77). The parasitemia 
was of the same order of magnitude in 
the mice receiving the same treatment. 
These examples suggest that in normal 
mice independent trypanocidal and re- 
production-inhibiting factors are pres- 
ent which are inhibited or destroyed by 
irradiation at this dose level. 


Effects of X irradiation at various limes 
before infection 
Groups of mice were irradiated at 1 
(X), 4 (4X), 8 (8X), 15 (15X), or 22 
(22X) days before infection; and one 
group (C) was unirradiated. The num- 
ber of animals in each group was 20, 20, 
16, 5, 7, and 20, respectively. 
The high level of reproductive activ- 


ity and parasitemia observed in the 
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Fic. 3 


Effects of X irradiation on the course of 7. duttoni infection in mice irradiated at 1, 4, 8, 


15, or 22 days before infection, as shown by parasitemia (thousands of trypanosomes) and reproduc- 
tive activity (young and dividing forms). Each curve represents the mean values for each group. 


groups X, 4X, 8X, and 15X (fig. 3) 
indicated that up to 15 days after irra- 
diation recovery of innate immunity was 
not apparent. The level of reproductive 
activity and the parasitemia of group 
22X, intermediate between the other 
irradiated and control groups, suggested 
that a partial recovery of resistance 
had occurred, That recovery was only 
partial is further reflected in the 4- to 6- 
day delay in the onset of acquired im- 
munity. 


Effects of X irradiation at various times 
after infection 

The effect of irradiation at different 
stages during the course of infection was 
investigated next. Thirty mice were ir- 
radiated at 4 hour after infection (1X); 
10 mice were exposed 2 days after infec- 
tion (21X), when antigen absorption 
should have been in progress for some 
time; 15 mice were irradiated 4 days 
after infection (41X), when the para- 
sites were actively reproducing; 5 mice 
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Fic. 4.—Effects of X irradiation on the course of 7, duttoni infection in mice irradiated 15 minutes, 


2 days, 4 days, 7 days, or 14 days after infection, as shown by parasitemia (thousands of trypanosomes) 
and reproductive activity (young and dividing forms). Each curve represents the mean values for the 


group. 


were irradiated 7 days after infection 
(71X), when acquired immunity was 
becoming noticeably effective; and 5 
mice were irradiated 14 days after 
infection (141X), when acquired im- 
munity had already developed. Two 
control groups of 30 mice each consisted 


of a nonirradiated group (C) and a 
group irradiated 1 day before infection 
(X). 

Groups X, IX, 21X, and 41X (fig. 4), 
which were irradiated before the de- 
velopment of 


acquired immunity, 


showed a high level of reproductive 
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activity and a high parasitemia shortly 
after irradiation. In 71X, the immune 
response was not strong enough to 
prevent a resurgence of reproductive 
activity and increased parasitemia. At 
14 days after infection the level of 
immunity was high, and irradiation at 
this time did not appreciably change the 
course of infection. The recurrence of 
reproductive activity on the 21st day 
occurred in two moribund animals. 


DISCUSSION 


A decreased immunity was observed 
in mice irradiated (550 r) from 15 days 
before to 4 days after infection with T. 
duttoni. This was indicated by a higher 
parasitemia and reproductive activity 
in irradiated as compared to unirradi- 
ated mice prior to the onset of acquired 
immunity 6 to 8 days after infection. 
Irradiation at the time when acquired 
immunity was developing only post- 
poned its appearance. This is indicated 
by cessation of reproductive activity 
approximately 5 days later than usual. 
Irradiation of immune mice did not 
noticeably alter the level of immunity. 
The early death of the other irradiated 
groups precluded any observations on 
the development of acquired immunity 
in irradiated mice. 

Taliaferro et al’ observed an in- 
creased parasitemia, during the acute 
rise, in irradiated (500 r) chickens in- 
fected with Plasmodium lophurae as 
compared with unirradiated controls. 
Bennison and Coatney" obtained the 
same results with irradiated (409 r) 
10. Taliaferro, W. H., Taliaferro, L. G. and 

Simmons, E. L, 1945, Increased parasitemia 

in chicken malaria (Plasmodium gallinaceum 

and Plasmodium lophurae) following X-irra- 

diation. J. Infect. Dis, 77: 158-176. 

11. Bennison, B. E. and Coatney, G. R. 1949, 
Effects of X-irradiation of Plasmodium gal- 
linaceum and Plasmodium lophurae infection 
in young chicks. J. Nat. Malaria Soc. 8: 280— 
289. 
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chickens infected with P. lophurae or 
Plasmodium gallinaceum. \t is probable 
that the lowered immune response fol- 
lowing irradiation, as indicated by an 
increased parasitemia during the first 
few days of infection in irradiated ani- 
mals, represents a lowering of both ac- 
quired and innate immunity. 

An parasitemia but no 
significant increase in reproductive ac- 
tivity was observed in irradiated rats 
infected with Trypanosoma lewisi."* 
Taliaferro and Pavlinova’ did not ob- 
serve an increase in the peak of repro- 
ductive activity of T. lewisi in splenec- 
tomized-blockaded rats as they did for 
T. duttoni in similarly treated mice. 
They suggested that the rate of repro- 
duction of T. lewisi in normal rats was 
at its maximum. The results of the pres- 
ent investigation indicate that, unlike 
innate immunity of the rat to T. lewisi, 
innate immunity of the mouse to 7. dut- 
toni involves at least two independent 
factors. One demonstrates ablastic ac- 
tivity and the other, trypanocidal 
activity. The independence of ablastic 
and trypanocidal activities in acquired 
immunity to 7. lewisi and T. duttoni 
has been clearly established.’ 

Partial recovery of innate immunity 
was observed in mice irradiated 22 days 
before infection. This observation, in 
conjunction with the results of Talia- 
ferro and Pavlinova? described earlier, 
the reported'* increasing white cell 


increased 


12. Naiman, D. N. 1944, Effect of X-irradiation 
of rats upon their resistance to Trypanosoma 
lewisi. J. Parasitol. 30: 209-228. 

13. Taliaferro, W. H. 1932, Trypanocidal and 
reproduction - inhibiting antibodies to 
Trypanosoma lewisi in rats and rabbits. Am. 
J. Hyg. 16: 32-84. 

14. Jacobson, L. O., Marks, E. K., Gaston, 
E.O., Robson, M. and Zirkle, R. E. 1949, The 
role of the spleen in radiation injury. Proc. 
Soc. Exper. Biol. & Med. 70: 740-742. 

15. Ting, T. P., Johns, H. E. and Jaques, L. B. 
1952, The relative biological effectiveness of 
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count in mice 20 days after irradiation, 
and the similarity of antitrypanosomal 
activities in innate and acquired im- 
munity, suggests a relationship between 
the lymphoid-macrophage system and 
maintenance of innate and acquired 
immunity that should be further inves- 
tigated. 
SUMMARY 

This investigation was concerned with 

immunity of X-irradiated (550 r) mice 


to Trypanosoma duttoni. The percentage 
of ‘“‘young”’ and dividing forms (a meas- 


200 KV an 
tion. I. 


23.5 ME\ X-radia 


Production of leukopenia in mice 


(Betatron) 


Blood, 7: 826-835. 

16. Schechmeister, I. L., Bond, V. P. and Swift, 
M.N 
mice to infection as a function of post-irradia 
tion time. J 


1952, The susceptibility of irradiated 


Immunol. 68: 87-95. 
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ure of reproductive activity) and the 
parasitemia (an indication of trypano- 
cidal activity) were the criteria used in 
measurement of the level of immunity. 

The level of immunity 
lowered in mice irradiated from 15 days 
before to 4 days after infection. Partial 
recovery of innate immunity was ob- 


innate was 


served in mice irradiated 22 days before 
infection. Irradiation 7 days after in- 
fection lowered the level of immunity 
and postponed the onset of acquired 
immunity by approximately 5 days. 
Irradiation of immune mice (14 days 
after infection) did not visibly affect 
the course of infection. 

Two independent factors are impor- 
tant in the maintenance of innate im- 
munity to T. duttoni; one inhibits re- 
production and the other is trypano- 
cidal. 
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Concurrently with increased use of 
the newer broad-spectrum antibiotics 
there appears to be an increased inci- 
dence of fungus infections, some of them 
fatal, attributable to Candida albicans.' 
These secondary infections seem to oc- 
cur most often upon oral administra- 
tion of a given drug, and although the 
digestive tract is the site frequently 
affected, the mycosis may be general 
and systemic.? The situation is com- 
plicated by the fact that C. albicans is 
particularly resistant to therapy.* 

The metabolism of Candida has been 
investigated by several workers. Lamb 
and Lamb® posed a scheme for grouping 
the monilias by fermentation and pre- 
cipitin reactions. Peck and Hauser* an- 
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effect of antibiotics on the growth of Candida 

albicans. |. Bact. 65: 171-176. 
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ing antibiotic therapy. J. A. M. A. 152: 206- 
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pounds on the growth of fungi pathogenic for 
man, Science, 111: 690-691. 

4. Beck, O. and Lacy, H. 1951, The effect of cer- 
tain antibiotics, antimalarial drugs and amebi- 
cides on Candida albicans, Texas Rep. Biol. 
Med. 9: 395-405, 

5. Lamb, J. H. and Lamb, M. L. 1935, A group- 
ing of the monilias by fermentation and pre- 
cipitin reactions. J. Infect. Dis. 56: 8-20, 

6. Peck, R. L. and Hauser, C. R. 1939, Chemical 
studies of certain pathogenic fungi. I]. The 
lipids of Monilia albicans. J. Am. Chem. Soc. 
61: 281-284. 
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alyzed the lipids of C. albicans. Kluyver 
and Custers’ found that three strains 
of C. albicans were able to oxidize 
sucrose readily at slightly less than the 
rate for glucose. In their experiments 
the cells were obtained from growths on 
malt agar plates, washed, and suspended 
in phosphate buffer at pH 4.5. Van Niel 
and Cohen,* using a single strain of C. 
albicans, found that suspensions pre- 
pared directly from yeast-agar plates 
showed a high endogenous rate of oxy- 
gen consumption that declined rather 
rapidly with time. The addition of cer- 
tain sugars to such suspensions brought 
about little increase in oxygen uptake. 
However, after starving the cells for 
several hours by aeration in water or 
buffer, the suspension did oxidize added 
substrate. The quantity of oxygen theo- 
retically necessary for complete oxida- 
tion of the added substances was rarely 
consumed. The oxidation process ceased 
with only one-third of the glucose or 
sucrose oxidized, the remainder of the 
sugar being presumably converted to an 
assimilation product of the general form- 
ula CH,O. Similarly, pyruvate, acetate, 
and ethanol were incompletely oxidized, 
the percentage of substrate oxidized 
calculated on the basis of oxygen con- 
sumption being 60, 50, and 63%, re- 
spectively. Using carbon dioxide release 
as a criterion of completeness of reac- 


7. Kluyver, A. J. and Custers, M. T. J. 1940, The 
suitability of disaccharides as respiration and 
assimilation substrates for yeasts which do 
not ferment these sugars. Anton v. Leeuwen- 
hoek, 6: 121-162. 

8. Van Niel, C. B. and Cohen, A. L. 1942, On the 
metabolism of Candida albicans. J. Cell & 
Comp. Physiol. 20: 95-112. 
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tion, the figures obtained checked quite 
well with these. 

Bernheim and Gale® showed that £- 
inhibitory to the 
growth of certain pathogenic fungi. This 
compound had previously been reported 
by Hartman et al'® to be inhibitory to 
certain 


propiolactone was 


viruses and bacteria, and its 
toxicity had been shown to be rather 
low in mice''~"* Gale" studied its effects 
on the metabolism of Blastomyces der- 
matitidis. 

The present work was undertaken to 
determine the effects of 8-propiolactone* 
(Betaprone) on the growth and metab- 
olism of C. albicans in vitro and to at- 
tempt to indicate possible mechanisms 
of its action. 


MATERIALS AND METHODS 


The organism used was obtained from Dr 
N. F. Conant of the Medical Mycology Depart- 
ment at Duke Hospital. It was grown for 24 
hours on Kelley's agar slants without blood.” 
Cells were harvested by taking them up in water, 
centrifuging 3 minutes at 2000 r.p.m. resuspend- 
ing in buffer (7/20 Na-K phosphate, pH 6.0 or 


9. Bernheim, F. and Gale, G. R. 1952, Effect of 
8-propiolactone on metabolism of Pseudo- 
monas aeruginosa and growth of certain fungi. 
Proc. Soc. Exper. Biol. & Med. 80: 162-164 
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A. M. 1951, Virucidal and bactericidal prop- 
erties of 8-propiolactone. Federation Proc. 

10: 358. 

11. Kelly, A. R. and Hartman, F. W. 1951, Beta- 
propiolactone: its toxicity degradation prod- 
ucts and comparison with nitrogen mustard. 
Federation Proc. 10: 361. 

12. Kelly, A. R. and Hartman, F. W. 1952, Bio- 
logical effects of beta-propiolactone. Federa- 
tion Proc. 11: 419. 

13. Kelly, A. R. 1952, Effects of virucide beta- 
propiolactone and its degradation products 
on blood platelets. Federation Proc. 11: 419. 

14, Gale, G. R. 1953, The effects of 8-propiolac- 
tone on the metabolism of Blastomyces derma- 
titidis. J. Bact. 65: 505-508. 

* Several samples were generously supplied by 
the B. F. Goodrich Chemical Company. 

15. Kelly, W. H. 1939, A study of the cell and 
colony variations of Blastomyces dermatitidis. 
J. Infect. Dis, 64: 293-296. 








7.4) and centrifuging for 3 minutes, This latter 
process was repeated once, and the packed cells 
were resuspended in buffer in a final suspension of 
1:20. In some cases the washing with buffer was 
omitted, and in some cases washing was omitted 
altogether. In these latter instances the cells 
were simply taken up ina small quantity of buffer 
and then made up to 1:20 after centrifuging. 

Manometric measurements were done in the 
customary Warburg apparatus at 37 C. The drug 
was usually added to the main compartment of the 
vessel, along with 1.0 ml of the cell suspension. 
Substrates were added from the side-arm in all 
but a few experiments. In measurements of oxy- 
gen consumption the center well contained 20% 
KOH; when measuring carbon dioxide release, 
0.2 ml of 5.0% H,SO, was added from the center 
well. The vessels had a fluid volume of 2.2 ml 
and an atmosphere of air. 

Ammonia was determined according to the 
method already described."* Chromatographic 
analyses of amino acids were done according to 
Berry et al,” using Whatman no. 1 filter paper, 
a n-butanol-acetic acid-water solvent and nin- 
hydrin indicator. ‘“Free’’ amino acids within the 
cell were released by boiling the cells in 0.2 N 
HCl in a water bath for 10 minutes. This suspen- 
sion was then neutralized with an equal portion 
of 0.2 N NaOH and chromatographed. The salt in 
this low concentration did not cause streaking. 

Attempts to prepare cell-free enzyme extracts 
were done by rapid freezing and thawing, using a 
dry ice-acetone vibration 
(Raytheon apparatus, 9 ke), grinding in a Teflon 
homogenizer (Arthur Thomas & Co.) with Johns 
Manville Filter-Cel or Hyflo Super-Cel'’ and the 


preparation of an acetone-dried powder.’* Only 


mixture, ultrasonic 


the last two procedures yielded preparations with 
satisfactory activity. Grinding did not give com- 
plete rupture, as shown by culture of the suspen- 
sions; however, a large amount of cell debris was 
evident upon microscopic examination, indicating 
at least partial disintegration of the organisms. 
Controls were run in all cases with vessels 
which contained all components except the sub- 


16. Berry, H. K., Sutton, H. E., Gain, L. and 
Berry, J. S. 1951, Development of paper 
chromatography for use in the study of 
metabolic patterns. Univ. Texas Publication 
no. 5109, pp. 22-55. 

17. Dockstader, W. B. and Halvorson, H. O. 
1950, A study of grinding techniques for bac- 
terial cells. Science, 112: 618-620. 

18. Umbreit, W. W., Burris, R. H. and Stauffer, 
J. F. 1949, Manometric techniques and tissue 
metabolism. Burgess Publishing Co., ed 2., 
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strate (or drug) being tested in that particular 
experiment; the substrate (or drug) solution was 
replaced with distilled water. All experiments 
were run in duplicate or triplicate. 


RESULTS 


- Turbidimetric measure- 
ments were done by following the growth 
of C. albicans in an Evelyn colorimeter 
with a 690 d filter. In a nonprotein broth 
culture tube inoculated with 0.1 ml of a 
heavy aqueous suspension of cells and 
incubated at 37 C, Betaprone, in a con- 
centration of 0.15 mg/ml, was bacterio- 
static for 4 to 7 hours. At the end of this 
time, the drug was perhaps oxidized, 
and growth proceeded, indicated by a 
rise in turbidity. In a concentration of 
0.50 mg/ml, growth was completely in- 
hibited up to 76 hours. Control tubes 
showed a nearly logarithmic increase in 
turbidity. 


Growth. 


Endogenous metabolism.—Betaprone 
in concentrations up to 0.25 mg/ml was 
itself oxidized by C. albicans. If the drug 
were added at 37 C, the end points ob- 
tained were 3 moles oxygen and 3 moles 
carbon dioxide/mole. These are the 
quantities required for compete oxida- 
tion of the drug to carbon dioxide and 
water. If, however, the drug were added 
at room immediately 
brought to 37 C, and measurements be- 


temperature, 


gun, the rate of oxidation was much 
higher and no definite end points could 
be obtained. The RQ of the oxidation 
under the former conditions was 0.98; 
under the latter it was 9.90. Making 
corrections for the different amounts of 
gases exchanged under the two sets of 
conditions at the end of a certain period, 
the RO for the increased gaseous ex- 
change when the drug was added at 
room temperature compared with the 
exchange when added at 37 C was 0.95, 
indicating that the increased metab- 
olism was at the expense of endoge- 
nous carbohydrate. Varying the period of 
preincubation at room temperature did 
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not alter the pattern significantly; the 
increase was approximately the same 
with periods from 1 to 30 minutes. No 
explanation is readily apparent for this 
phenomenon. 

This type of stimulation was not evi- 
dent in ground cells. In this case, there 
was actually an inhibition of the endog- 
enous metabolism which was propor- 
tional to the concentration of Beta- 
aprone used. 

Ammonia was released in the oxida- 
tion of Betaprone, but there was no 
significant difference in the amounts re- 
leased under the two sets of conditions 
mentioned above. At the end of 4 hours 
there were 4.4 ammonia/ml in the ves- 
sels in which Betaprone had been added 
at 37 C, When the drug was added at 
room temperature and brought to 37 ©, 
the concentration of ammonia was 4.6 
+/mi. 

ATP was without effect on the oxida- 
tion of the drug in intact cells. 

Glucose.—In contrast to the findings 
of Van Niel and Cohen,* this strain oxi- 
dized glucose at a rapid initial rate with 
an oxygen uptake of 2 moles/mole glu- 
cose utilized. Betaprone depressed the 
rate somewhat, but not the final end 
point of the reaction (fig. 1a). Essen- 
tially the same behavior was noted at 
pH 6.0 as at pH 7.4. Grinding the cells 
had little effect on the oxidation, but 
did increase the degree of inhibition 
(fig. 1b). Thus it would seem that the 
grinding process, which exposed the 
cellular contents to the external med- 
ium, brought about a contact of the 
drug with the enzymes necessary for the 
oxidation of glucose. This indicates that 
in intact cells, the drug does not reach 
these enzymes in as great concentra- 
tion, if at all, implicating the cell sur- 
face as the site of action. 

Ammonium sulfate, in a concentra- 
tion of 0.2 mg/ml, did not increase the 
initial rate of glucose oxidation, but 
did raise the end point to approximately 
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Fic. 1.—The oxidation of glucose by (A) intact 
the effect of Betaprone thereon. @ 6. 
+Betaprone (0.125 mg/ml); A 
trols have been subtracted. 


A. 


2.5 moles O./mole. Ammonia was uti- 
lized in this process. This assimilation 
was depressed by Betaprone in a con- 
centration of 0.125 mg/ml (table 1). 
Intermediate products of carbohydrate 
metabolism.—Acetate at 
a rapid initial rate, the end point being 
equivalent to 1 mole O2/mole (fig. 2a). 


was oxidized 


The a 
albicans during resting respiration and during the 
oxidation of pyruvate and glucose, and the effect 
of Beta prone on these processes 


TABLE 1. imilation of ammonia by C 


NH; NH; Percent 
Flask contents added, recovered, NH, 
we /ml pa /ml utilized 
Cells +pyruvate 0.0 0.0 
Cells +pyruvate +NH, 54.5 8.2 wo 
Cells + glucose 0.0 0.0 
Cells + glucose +NH, 54.5 35.5 hj 
Cells only 0.0 0.0 
Cells +NH, 54.5 48.5 i! 
Cells +pyruvate + Beta 
prone 0.0 3.2 
Cells + pyruvate + Beta 
prone + ’ 54.5 49.2 10 
Cella +glucose + Beta 
prone 0.0 4.1 
Cells +glucose + Beta 
prone +NH;, 54.5 47.8 12 
Cells + Betaprone 0.0 4.6 
Cells + Betaprone +NH, 54.5 56.9 0 


Concentration of glucose and 
Betaprone, 0.125 mg/ml 


of the incubation 


pyruvate, 2.5 u.M/ml; of 
The pH was 7.4. and the duration 
was 4 hours. Ammonia was added 


ammonium sulf<te 





cells 
cells +glucose +Betaprone (0.25 mg/ml) 


and (B) ground cells of C. albicans at pH 6.0 and 
+glucose (5.0 uM/ml); O cells +glucos 


The proper con- 


Beta 
prone, and the end point was lowered 


The rate was slowed slightly by 


(0.7 moles/mole). This depression did 
not occur in ground cells (fig. 2b). This 
the cell 
surface being the primary site of action 


again could be indicative of 


of the drug. 

Pyruvate, at pH 7.4, was oxidized at 
an initially slow rate which increased 
with time. The end point was 1 mole 
markedly 
inhibited by Betaprone (fig. 3a). In or 


O./mole. This reaction was 
der to attempt to explain this lag period, 
various procedures were applied. First, 
the cells 
to pyruvate. However, resting cells pre 


it was attempted to “adapt”’ 


incubated with 30 y/ml pyruvate for 1 
hour of the 


strate quantity displayed no increased 


before the addition sub- 
initial rate when the latter was added 
it pH 7.4. Cells grown in a medium to 
which had been added 2.0% 


showed only a slight increase. The rate 


pyruvate 


was still not of the order of that of either 
glucose or acetate. Omitting the wash- 


ing with buffer resulted in increased 
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Fic. 2.—The oxidation of acetate by (A) intact and (B) ground cells of C. albicans at pH 6.0 and 
the effect of Betaprone thereon. @——-@, cells+acetate (5.0 u.M/ml); O -O, cells +acetate 
+Betaprone (0.125 mg/ml); A A, cells+acetate+Betaprone (0.25 mg/ml). The proper con- 
trols have been subtracted. 
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Fic. 3.—The oxidation of pyruvate by (A) intact and (B) ground cells of C. albicans at pH 7.4 and 
the effect of Betaprone thereon. @——®@, cells+acetate (5.0 «6M/ml); O- O, cells+acetate 
+Betaprone (0.125 mg/ml); A——A, cells+acetate+Betaprone (0.25 mg/ml). The proper con- 
trols have been subtracted. 
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activity. In an attempt to identify the, 
factor(s) removed by the washing, cer- 
tain substances were added to washed 
cells. Glutathione, cocarboxylase, 
Mg**, acetate,’® acetaldehyde,'* fumar- 
ate, and a mixture of Mg**, malate, 
fumarate, succinate, and oxaloacetate, 
all failed to bring about an increase. 
Neither was there any reversal of the 
Betaprone inhibition. 

Ground cells oxidized pyruvate at a 
linear rate from zero time. The rate was 
approximately the same in the presence 
the reaction pro- 
ceeded until only 0.5 mole O2/mole had 


of Betaprone, but 


been consumed (fig. 3b). Thus, in view 
of the negative results with added co- 
factors, it seems that the cell membrane 
is the limiting factor in pyruvate oxida- 
tion, and also determines the inhibition 
by Betaprone, up to a certain point. 
Beyond this, the drug seems to inhibit 
the further metabolism of some inter- 
mediate of pyruvate. This intermediate 
product is most likely not acetate in 


view of the amounts of 


oxygen con- 
sumed (1 mole/mole with each com- 
pound) and also the fact that Beta- 


prone had almost no effect on acetate 
oxidation in ground cells. 

An acetone-dried powder of the cells 
decarboxylated pyruvate (1 mole/mole) 
with no concomitant oxygen uptake, 
and this process was totally unaffected 
by Betaprone. Again, however, in view 
of the fact that the oxygen consump- 
tion was the same with both pyruvate 
and acetate, it seems improbable that 


COs 


the reaction pyruvate -> acetalde- 


(QO) 
hyde —~> acetate occurs in intact or 
ground cells. The observed carbon dio- 
ide release in this preparation may have 


19. Happold, F. C. and Spencer, C. P. 1952, The 
enzymic formation of acetylmethyl carbonol 
and related compounds, Biochimica et Bio- 
physica Acta, 8: 543-556. 
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been a reaction which occurs only in the 
absence of certain other (oxidative) re- 
actions. This powder showed no endog- 
enous gaseous exchange. 

Ammonium sulfate increased the rate 
of pyruvate oxidation slightly in intact 
cells at pH 7.4; the end point obtained 
the ammonia. 
Ammonia was utilized in the process. 


was same as without 
Betaprone inhibited both the increased 
rate of oxygen consumption and the am- 
monia utilization (table 1). 
Amino acids.—Certain amino 
were oxidized by C. albicans at pH 7.4 


acids 


and 6.0, and an interesting correlation 
was noted between the initial rate of the 
reaction and the molecular weight of 
the acid with a number of the compounds 
tested (fig. 4). Other acids, however, did 
not fall into this pattern (glycine, leu- 
cine, valine, and aspartic acid), and 
this, combined with the fact that ground 
cells oxidized amino acids at a markedly 
depressed rate, if at all, argues against 
a simple, passive diffusion process, 
Chromatographic analysis showed dis- 
appearance from the supernatant fluid 
of the amino acids which were oxidized 
at the 


showed the simultaneous appearance of 


highest rates; nesslerization 
ammonia, The rates of these processes 
were proportional to the rates of oxygen 
uptake. Betaprone, in a concentration 
of 0.25 mg/ml, inhibited the oxygen 
uptake, disappearance of amino acids, 


and appearance of ammonia (fig. 5, 
table 2). 
Incubated control cells, with and 


without drug, showed three ninhydrin- 
positive spots upon lysis. Incubation of 
cells with substrate plus drug gave no 
alteration of this finding. The added 
amino acids, in the presence of Beta- 
prone, were recovered quantitatively 
from the supernatant fluid; none was 
taken into the cell. 

Fatty acids. 
salts up to Cys were oxidized at a rapid 


Saturated n-fatty acid 
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Fic. 4.—The initial rates of oxidation of certain amino acids by washed cells of C. albicans at pH 


7.4 compared with the molecular weights of these compounds. The oxygen uptake values are for the 


first 30 minutes of each reaction minus the endogenous respiration for that same period. Concen- 
tration of substrates, 5.0 ~™M/ml. 
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Fic, 5.—The effects of Betaprone (0.25 mg/ml) on the oxidation of certain amino acids by C. albi- 
cans at pH 7.4. Concentration of substrates, 5.0 ™M/ml. The proper controls have been subtracted. 
@-——@, cells +substrate; O——O, cells +substrate +drug. 























METABOLISM OF CANDIDA ALBICANS 257 
TABLE 2,—The deamination of certain amino acids 360 7 
by C. albicans and the inhibition of these | 
processes by Betaprone. 
320+ 
NH; recovered (uM /ml) 
Substrate 
With Betaprone Without Betaprone 
Di-alanine 0.12 0.53 2807 
DI-serine 0.11 0.88 
L-phenylalanine 0.00 0.00 
, fryppephene 0.00 0.00 
Leucine 0.00 0.00 
L-Valine 0.00 0.00 240> 
glycine 0.21 0.70 
L-proline 0.06 0.56 
Concentration of amino acids, 5.0 46M /ml; of Betaprone 200 + 
0.25 mg/ml. The pH was 7.4, and the duration of the incu N 
bation was | hour o 
E 
ie EF 1607 
rate with definite end points (not shown 3 
on graph), and there was some depres- 
sion by Betaprone (fig. 6). This inhibi- 1205 
tion was not as marked as occurred 
with certain other substrates, such as 80 - 
pyruvate or amino acids. Propionate, 
which is sometimes used as a therapeutic 
in vaginal moniliasis, was oxidized with 40 
an oxygen uptake of 2 moles/mole. The 
end points obtained with the other acids 04 
were not exactly proportional to the 
lengths of the carbon chains. 
val ; Fic. 6.—The oxidation of the sodium salts of 
DISCUSSION , ; 
certain fatty acids by washed cells of C. albicans 
The majority of evidence points to at pH 7.4. Solid lines, cells+substrate (2.5 
the conclusion that the cell surface or #M/m!); dotted lines, cells +substrate+Beta- 


membrane is the primary site of action 
of Betaprone agaist C. albicans. In the 
case of glucose, which was oxidized at 
approximately the same rate in intact 
and in ground cells, the drug exerted its 
least effect. Such a similarity in be- 
havior is best explained on the basis 
that the cell membrane is un- 
necessary for its metabolism. Thus, an 


intact 


agent which exerts its adverse influence 


on or near this membrane would be 
expected to be without significant effect 
on such a process. 

Although intact cells were capable of 
oxidizing certain amino acids, this was 
depressed or completely inhibited in 
ground cells. Betaprone had a very 
marked effect on amino acid metabolism 


(oxygen uptake and deamination) in 








prone (0.25 mg/ml); closed circles, propionate; 
crosses, caproate; closed triangles, stearate; open 
circles caprylate; open triangles, palmitate. The 
proper controls have been subtracted 


intact cells. Here is an example of a 


process or series of similar processes 
which apparently require an intact cell 
surface for maximal ac tivity - these proc- 
esses were depressed by the drug. 


The 


tact cells, which proceeded at an initi- 


metabolism of pyruvate in in- 
ally slow rate, was completely inhibited 
by a certain concentration of Betaprone. 
In ground cells, the rate was linear from 
zero time, and no inhibition by the drug 
was evident until one-half the amount 
of oxygen had been consumed as was 
taken up by intact cells. This phenom- 
menon, while supporting a theory of 
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the cell surface being one site of action, 
gives evidence of another effect which 
the cell 
tents are made accessible to the drug. 


becomes manifest when con- 
One further point to strengthen this 
conclusion is the behavior of intact cells 
in the presence of the drug contrasted to 
the behavior of ground cells. The former 
oxidized the drug; the endogenous res- 
piration of the latter was depressed. 


SUMMARY 


The effects of 8-propiolactone (Beta- 
prone) on the growth and metabolism 
of Candida albicans were studied. 

Growth was inhibited for 4 to 7 hours 
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with 0.15 mg/ml, and for >76 hours 
with 0.50 mg/ml. The 
added substrates such as glucose, amino 


oxidation of 


acids, pyruvate, acetate, and fatty acids 
was inhibited. The oxidation of those 
substrates which apparently required 
an intact cell surface or membrane for 
their utilization was inhibited to the 
greatest extent. 

The conclusion was drawn that the 
primary site of action of Betaprone is 
at or near the cell surface. A secondary 
effect which 
metabolism was probably exerted at 
some area within the cell exposed by 


showed up in pyruvate 


grinding. 











THE EFFECTS OF CORTISONE AND OXOPHENARSINE ON 
TRYPANOSOMA EQUIPERDUM INFECTIONS IN THE RAT 
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Cortisone enhances the severity of 
many experimental infections, including 
M ycobacterium tuberculosis' in rats, Trep- 
onema pallidum’ in rabbits, poliomye- 
litis® in mice, Diplococcus pneumoniae* 
in rats, Plasmodium relictum’ in pigeons, 
Trypanosoma cruzi®’ in mice, Trypano- 
soma vickersi® in monkeys, Blastomyces 
dermatitidis® in mice, and others.'® 


Robinson" has reported that in 


pneumococcal infections in rabbits peni- 
cillin was able to control the infection 
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in both cortisone-treated and 
greater dose of 
penicillin was required when coritosone 
was administered. We would interpret 
table 2 in a paper by Tobian and 
Strauss" as evidence that adrenocortical 
the survival time of 
mice infected with pneumococci and 
treated with penicillin. Vollmer" found, 
however, that extracts 
the of sulfa- 
diazine and pantothenic acid analogues 
against pneumococci in mice. 


control 
animals although a 


extracts shorten 


adrenocortical 


increased effectiveness 


The present paper describes experi- 
ments concerned with two points: (1) 
the influence of cortisone on the effec- 
tiveness of arsenic, in the form of ox- 
ophenarsine, against Trypanosoma equi- 
perdum in the rat, and (2) the course of 
T. equiperdum the 
treated with cortisone. 


infections in rat 


MATERIALS AND METHODS 


The rats were infected by intravenous injection 
of defibrinated, infected blood. In each experi 
ment all the rats were anesthetized with ether 
and placed on individual animal boards for the 
injection. The femoral vein was exposed by a 
single snip of the scissors and the injection made 
with a tuberculin syringe equipped with a 27 
gauge needle. By having all the rats ready at once 
in was possible to infect 12 or 14 rats in about 10 
minutes. The cortisone was given subcutaneously, 
In the first experiment it was cortisone acetate 
Merck; in the second, cortisone acetate Upjohn, 
25 mg per ce. Trypanosome counts were made 
with a hemocytometer at a dilution of 1:100 
using 0.9% NaCl as the diluent. The trypano- 
somes in a volume equivalent to 0.001 cu mm of 
blood were counted in most instances. The charts 
in figures A to F are scaled to correspond with 


12. Tobian, L., Jr. and Strauss, E. 1948, Proe. 
Soc. Exper. Biol. & Med. 69: 529-531. 
13. Vollmer, E. P. 1951, J. Infect. Dis. 88: 27-31. 
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the numbers actually counted. At infection levels 
over 400,000 per cu mm or under 10,000 a smaller, 
or larger volume was examined as seemed ap- 
propriate. 


RESULTS 


In the first experiment (fig. A to G) 
14 rats of 150 to 200 g were infected by 
intravenous injection of 0.4 ml of de- 
fibrinated infected blood. On the second 
day after infection two parasite counts, 
5 to 6 hours apart, were made on each 
rat. These counts are found in table 1. 
Six of the rats were treated with corti- 
sone according to the following sched- 
ule: On the 5th, 3rd and 1st day before 
infection and on the day of infection, 
25 mg per kg; on the Ist day after in- 
fection, 75 mg per kg: on the 2nd day, 
100 mg per kg; and on the 3rd, 4th, 5th 
and 6th days, 50 mg per kg. The first 3 
doses were given once a day and the 
rest in 2 equal doses each day. 

Figures A to G show the course of 
each infection for 5 hours before and 19 
hours after injection of oxophenarsine. 
Each figure represents the infections in 
2 rats, one treated with cotisone and 
the other not treated with cortisone, 
but both treated with oxophenarsine. 
The rats were paired according to simi- 


Taste 1. 
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larity in weight before the first trypano- 
some count. Pairs A, C and E were 
males; pair D were females; pairs B and 
F were mixed, the cortisone treated rat 
being female in pair B and male in pair 
F. The untreated controls shown in fig- 
ure G were females. 

The 4 rats represented in figures A 
and B received oxophenarsine at a dose 
of 1 micromole per kg (0.258 mg per 
kg) intravenously after the second tryp- 
anosome count at the point indicated 
by the heavy arrows. Each infection 
continued upward during the next 3 
hours, but in both figures the infection 
in the rat not treated with cortisone 
declined thereafter, while the infection 
in the rats given cortisone continued 
upward during another 3-hour period 
before beginning to decline. Nineteen 
hours after injection of oxophenarsine, 
in both instances, there was only about 
} an many trypanosomes in the rats 
not given cortisone. Figure G shows 
the course of the infections of figure A 
for a period of 3 days. After 24 hours 
the infection in the cortisone-treated rat 
began to increase and death occurred at 
about the 48th hour of observation. 
The infection in the rat not given corti- 


~Number of trypanosomes per 0.001 cu mm of blood in rats treated with cortisone and 


in untreated controls. 


Cortisone Control 
First count Second count First count Second count 
Calculated Calculated Calculated ities Calculated 
Actual for 200 g rat Actual for 200 g rat Actual for 200 g rat Actual for 200 g rat 
Experiment | 
152 148 285 276 127 127 wy wo 
167 137 293 240 197 154 363 312 
165 170 346 446 159 180 412 354 
159 181 355 405 167 167 335 335 
208 174 39 283 187 200 323 345 
245 235 402 382 193 164 325 276 
Mean 183 174 3458 322 172 165 328 322 
Experiment 2 
210 208* 231 244° 
226 182 254 185 
209 223 400 382° 206 198 449 43i* 
197 174 465 410 267 252 482 416 
206 180 449 592 186 146 379 305 
231 202 442 588 222 184 618 $12 


Mean 223 195 454 393 


Table 2 contains the time data for these counts, 


231 201 482 418 


* Count calculated for 300 g rat in all instances in experiment 2. 
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TABLE 2. 


First count Second count 


Calculated 


Time between 
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Data on T. equiperdum infections in 24 albino rats, 12 of which received cortisone. 


Generation Time from beginning of 


Calculated counts in time in infection in hours 
Actual at 42.4 hours Actual at 47.9 hours hours hours 
Trypanosomes per cu mm in thousands Ist count 2nd count 
Experiment 1 
Cortisone-treated 

152 180 285 ) 0 5.5 40.8 45.8 

167 186 293 330 5.5 5.9 41.4 46.9 

165 176 336 $43 5.9 5.7 4i.8 47.7 

159 162 355 322 6.0 5.1 42.3 48.8 

208 183 339 yO3 5.3 7.6 43.6 48.9 

245 208 402 340 §.2 7.7 44.2 “7.4 
Mean 183 182 335 333 6.4 42.4 47.9 

Controls 

127 145 wo 375 5.0 4.9 41.2 46.2 

197 216 363 410 5.6 6.3 41.6 47.2 

159 163 $12 $19 6.0 6.2 42.1 48 

167 163 335 yy 5.9 5.9 42.7 48.6 

187 162 323 280 5.5 7.0 43.7 49.2 

193 160 325 271 5.1 6.9 44.4 49.5 
Mean 172 168 328 327 6.0 

Experiment 2 
Cortisone-treated 

210 228T . 46.2 

226 242 al 46.3 

269 279 400 4951 5.6 - 46.6 52.4 

197 195 465 470 5.7 4.6 47.1 §2.9 

206 196 449 432 5.6 5.0 47.3 53.4 

231 210 442 429 5.6 6.0 47.7 53.3 
Mean 223 225 454 456 5.7 16.9 53.0 

Controls 

231 252 . 46.2 

254 275 455 520 5.3 6.3 46.3 51.9 

206 209 449 470 5.6 5.0 46.8 52 

267 258 482 488 5.6 6.3 47.2 52.0 

186 167 379 3600 5.6 5.4 47.8 53.4 

222 197 618 572 5 3.8 47.8 53.4 
Mean 231 226 477 482 5.4 


* No second count was obtained before exophenarsine injection in these 3 instances 


+ Counts calculated at 46.9 and 53 hours in 2 experiment 


sone continued at a low level until the 
72nd hour of observation. The infection 
later reappeared and killed this rat on 
the 9th day of observation. 

In the rats represented by figure B 
there was not so striking a difference in 
the subsequent course of the infections. 
The rat found 
dead on the morning of the 6th day and 


cortisone-treated was 
the other rat died during the morning. 

The 4 rats represented by figures C 
and D received oxophenarsine at a dose 
of 2 micromoles per kg given intra- 
venously. In all instances the infection 
declined promptly and rapidly. Con- 
sidering figures C and D together, one 
would not suspect any antagonism be- 
tween arsenic and cortisone from these 
2 experiments although one of them does 
show a suggestion of it. 

The 4 rats represented by figures E 
and F received oxophenarsine at a dose 


of 4 micromoles per kg. The infection 
declined similarly 


whether cortisone had been given or not. 


very rapidly and 

To summarize these results, cortisone 
interfered with a low dose of oxophen- 
arsine but not with a higher dose, when 
the therapeutic effect is judged by the 
the count 
during the hours immediately following 
the oxophenarsine. 
However, when the subsequent course 
of the 


reduction of trypanosome 


administration of 


infection was considered, an 
interesting relationship was observed. 
This is seen in table 3, where the survi- 
recorded. Con- 


sidering all the rats that 


val times of the rats are 
received 2 
micromoles of arsenic or more, it will be 
observed that in every case the corti- 
sone-treated rat relapsed and died by 
the 14th day, while the rats not receiv- 
ing cortisone survived at least until the 


18th day and in 2 instances were still 
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Fic. A and B.—Course of infection in 4 rats treated with 1 micromole of oxophenarsine per kg 
2 of which also received cortisone. 


Fic, C and D.—Infections in 4 rats treated with 2 micromoles of oxophenarsine per kg, 2 of which 
also received cortisone. 


Fic, E and F,—Infections in 4 rats treated with 4 micromoles of oxophenarsine per kg, 2 of which 
also received cortisone. 
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Fic. G.—Infections in two untreated controls shown with the two infections of figure A for a period 
of 72 hours. 

Fic. H.—Infections in 4 rats, 2 of which received cortisone and 2 no treatment. 

Fic. I.—Infections in 2 rats treated with 1 micromole of oxophenarsine per kg, one of which re- 
ceived cortisone at a dose of 100 mg per kg per day, and 2 rats not treated with oxophenarsine, one 
of which received cortisone at a dose of 50 mg per kg per day. 

Fic. J and K.—Infections in 4 rats treated with 1 micromole per kg of oxophenarsine, 2 of which 
received cortisone at a dose of 50 mg per kg per day. 

Fic. L.—Infections in 2 rats treated with 1 micromole of oxophenarsine per kg, one of which re- 
ceived cortisone at a dose of 25 mg per kg per day. 
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ras_e 3.—Survival of infected rats treated 


with cortisone and oxophenarsine. 


Onxophenareine 
dose micromoles 


Days survived 


per kg Cortisone Control 
1 5,5 5,9 
2 11,* 18, 37 
4 12,14 O+, 0+ 
0 44,5 


* One rat died on the 5th day but not of the infection. This 
rat gave birth to a litter of dead young on the previous day, 
was very anemic and died despite a transfusion. 


alive on the 60th day. Thus it appears 
that cortisone antagonizes the action of 
arsenic at all doses of arsenic used but 
the antagonism was manifested in differ- 
ent modes, depending on the dose. 

A 2nd experiment was made in which 
the oxophenarsine dose was 1 micromole 
per kg and the cortisone dose was 25, 50 
or 100 mg per kg per day given in 2 
equal doses beginning on the 2nd day 
before infection and continuing through- 
out the experiment. There were 6 pairs 
of rats, all males, 200 to 250 g, infected 
with 3,540,000 trypanosomes in a vol- 
ume of 0.4 ml injected intravenously. 
Pairs |, J, K and L were treated with 
oxophenarsine, Of the pairs represented 
in figure H, one received cortisone at a 
dose of 50 mg/kg/day while the other 
pair received no treatment. It will be 
noted that the infection was not as well 
controlled by 1 micromole per kg of 
arsenic in the second experiment as in 
the first. We believe this was because 
the infections were allowed to progress 
a little farther before arsenic was given 
in the «cond experiment. 

The results seen in figure 1, K and L 
are in good agreement with the results 
seen in figures A and B. In every in- 
stance there is clear evidence of antag- 
onism and arsenic. 
Figure J, if considered alone, could not 
be used as evidence in favor of any 
particular theory about the relationship 
of these substances. Considered with the 
other curves, part of figure J fits into 
the pattern of the others while a part 


between cortisone 
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of it is in direct disagreement with the 
pattern. Figure H shows the curve of 
the infection in 4 rats not treated with 
arsenic, 2 of which received cortisone. 
Two of the curves from figure H are 
reproduced in figure I for comparison 
with the infections treated with arsenic. 

Considered as a whole, experiment 2 
confirmed the conclusions drawn from 
figures A and B. None of the rats sur- 
vived beyond the 48th hour of observa- 
tion in this experiment. A dose of corti- 
sone as low as 25 mg per kg per day had 
a perceptible antagonistic effect for 
oxophenarsine. 

These experiments also test the effect 
of cortisone on the untreated infection. 
In all there are 13 pairs of rats in the 2 
experiments. In each of 12 pairs one rat 
was treated with cortisone and the other 
was not. In most instances 2 counts were 
made before oxophenarsine was given. 
The rats were all infected intravenously 
and in each experiment all the rats were 
infected with a carefully measured 
inoculum within a period of about 10 
minutes. Table 1 contains the tryp- 
anosome counts made before oxophen- 
arsine was injected. Within an experi- 
ment every rat received the same vol- 
ume of infected blood but the rats were 
not identical in weight. To allow for this 
variable we can multiply each trypano- 
some count by the weight of the corre- 
sponding rat and divide by any weight 
representative of the group. As can be 
seen in table 1 this procedure did not 
change the results materially. In mak- 
ing the counts a cortisone-treated rat 
was counted, then its control, then an- 
other cortisone-treated rat, its control, 
etc. to avoid systematic differences due 
to changes during the counting period, 
which lasted around 34 hours. How well 
this scheme 


succeeded is evident in 


table 2, where we have set down the 
actual counts as well as the same counts 
adjusted to the mean time of the counts 
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on cortisone-treated rats. These ad- 
justed values were obtained with the 
aid of semi-log graph paper and the 
average ‘‘generation times’’ for each 
group. The generation times are meant 
to represent only the time required for 
the to double. A 


generation time for each infected rat 


trypanosome count 


was obtained by plotting the observed 
counts on semi-log graph paper and 
reading off the time required for the 
first count to double. It is clear that if 

had the 
infection it have 


cortisone any effect on un- 


treated must been 
slight indeed. This is borne out by the 
similarity of the counts as well as the 
similarity of the changes observed be- 
tween the first and second counts. In 
the second experiment it is interesting 
increase from 
the moment of inoculation to the time of 


to calculate the rate of 


the first count, assuming a reasonable 
value for the blood volume of the rat. 
When this was done the average rate 
the the 


first count was considerably higher than 


from moment of infection to 
the rate found during the next 54- to 6- 
hour period. The difference between 
these two values is so large we suspect 
that there was a period early in the in- 
fection when the parasitemia increased 
at a higher rate than that observed at 
the end of the second day. 

In these experiments there were 6 
rats not treated with arsenic at all, 2 
of which received cortisone. The curves 
for these rats are in figures G and H. It 
will be noted that the time scale on these 
figures is not identical. When this is 
taken into account it is evident that this 
infection is highly reproducible from 
that 
without effect on the course of infection. 


time to time and cortisone was 


DISCUSSION 


These results were considered in rela- 
tion to the experiments of Pfeiffer and 
Tatum,” Bunting, Pfeiffer and Tatum, 


Dubois and Kohn"* and Reiner and 
Leonard,'? 

Pfeiffer and Tatum," in a study of the 
role of the reticulo-endothelial system 
in the action of oxophenarsine, found 
that trypanosomes treated in vivo for 
5 minutes with 5 mg per kg of oxophen- 
arsine disappear more rapidly from the 
blood in the rat than from drawn blood 
in vitro. when 


Furthermore, the in- 


fected rat was killed 5 minutes alte: 
treatment the trypanosomes survived 
longer in the dead rat than in a living 
treated rat. They concluded that the 
curative action of oxophenarsine is not 
due entirely to a direct drug action 
Other experiments by Pfeiffer and Ta- 
tum" and Bunting, Pfeiffer and Tatum” 
implicated the reticulo-endothelial sys- 
tem, especially the Kupffer cells of the 
liver, in the removal and destruction of 
treated trypanosomes, These experi- 
ments were of several kinds: (1) trans 


plants of organs of treated rats indi 


cated a greater accumulation of tryp 


anosomes in the liver than any other 
organ, (2) ligation of the liver length- 
ened the disappearance time of the tryp- 
anosomes in treated rats while ligation 
of the spleen did not, (3) in histopatho- 
logical studies they found that in un- 
treated infected rats there was no 
but 


upon treatment with 5 mg per kg of 


evidence of phagocytic activity 
oxophenarsine the Kupffer cells quickly 
and de 


the 


became actively phagocyti 


stroyed large numbers of drug 
Pfeiffer, C. C 
Pharmacol. & Exper 
Bunting, C. H., 
C. C. 1935, 
253-256. 
Dubois, A Kohn, I. 1940, 
belge de méd. trop. 20: 51-56 
laliaferro, W. H. 1949, J 
179, 
Reiner, L. 


and Tatum, A. L, 1935, J 
Therap. 53: 358-376 
Tatum, A. L. and Pfeiffer 


Ir. Assoc. Am. Physicians, 1: 


Ann Son 
Quoted by 
Infect. Dis. 83: 


and 


and Leonard, C. S. 1933, Arch 
internat. de pharmacodyn. et de thérap. 44: 


434-445, 
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treated trypanosomes within 24 hours. 

Dubois and Kohn" have questioned 
the importance of phagocytes in the 
action of arsenic on the basis of their 
experiments in which treated trypano- 
somes disappeared just as rapidly in 
splenectomized and blockaded rats as 
in intact controls. However, Pfeiffer and 
Tatum believed that the liver was the 
major site of destruction of treated tryp- 
anosomes. 

The adverse effect of cortisone on the 
phagocytic system of the rat has been 
studied recently by Heller,’* using radio- 
active, colloidal chromium phosphate. 
He reported a 50% inhibition of phago- 
cytosis caused by cortisone at a dose 
of 20 mg per rat for 3 days. Besides its 
effect on the filtering action of the pha- 
gocytes, cotisone also delays the de- 
struction of ingested material in the 
macrophages. Kass and Kendrick'® 
found that erythrocytes injected sub- 
cutaneously in cortisone-treated rats 
persisted within the macrophages of the 
regional lymph nodes for several days 
after disappearing from controls. Lurie, 
Abramson, Heppleston and Dannen- 
berg’® have reported persistence and 
even proliferation of bacteria in macro- 
phages of cortisone-treated animals af- 
ter their disappearance in control ani- 
mals. 

The experiments of Reiner and Leon- 
ard'? were concerned with the impor- 
tance of treated trypanosomes as anti- 
gen, and with the action of antibody in 
conjunction with drug action. They 
found that the serum of treated rats had 
agglutinating and lytic effects not shown 
by normal rat serum. Reiner and Chao* 
reported the immunization of rats to 


18. Heller, J. H. 1953, Federation Proc. 12: 65. 

19. Kass, E. H. and Kendrick, M. I. 1952, Fed- 
eration Proc. 11: 472. 

20. Lurie, M. B., Abramson, S., Heppleston, 
A. G. and Dannenberg, A. M. 1952, Fed- 
eration Proc. 11: 475. 

21. Reiner, L. and Chao, S. S. 1933, Am. J. 


Trop. Med, 13: 525-534. 
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T. equiperdum by the use of vaccines. 
Immunized rats survived longer than 
controls but eventually died of the in- 
fection. Mayer and Brousseau” have 
observed the immunizing effect of 
treating mice, infected with 7. equiper- 
dum, with neoarsphenamine or mela- 
minylphenyl stibonic acid. Browning 
and Gulbransen® reported this phe- 
nomenon earlier with Trypanosoma bru- 
cei and arsacetin.* 

The inhibitory action of cortisone on 
antibody production has been estab- 
lished by the observations of Bjoernboe, 
Fischel and Stoerk,“ Germuth, Oyama 
and Ottinger,“ Malkiel and Hargis,* 
Eisen and coworkers,?”7 Germuth and 
coworkers,” and Fischel, Vaughan and 
Photopoulos.”* 

In the present experiments cortisone 
given at a dose of 25 to 125 mg per kg 
per day beginning 1 week before infec- 
tion was demonstrably antagonistic to 


22. Mayer, R. L. and Brousseau, D. 1946, Proc. 
Soc. Exper. Biol. & Med. 62: 238-240. 

23. Browning, C. H. and Gulbranson, R. 1936, 
J. Path. & Bact. 43: 479. 

* The immunizing effect of treating trypan- 
osome infections with drugs was known to Ehr- 
lich and Shiga® in 1904 and was intensively 
studied by Terry” ™ before 1911. 

24. Bjorneboe, M., Fischel, E. E. and Stoerk, 
H.C. 1951, J. Exper. Med. 93: 37-48. 

25. Germuth, F. G., Oyama, J. and Ottinger, B. 
1951, J. Exper. Med. 94: 139-170. 

26. Malkiel, S. and Hargis, B. J. 1952, J. Im- 
munol. 69: 217-221. 

27. Eisen, H. N., Mayer, M. M., Moore, D. H., 
Tarr, R. R. and Stoerk, H. C. 1947, Proc. 
Soc. Exper. Biol. & Med. 65: 301-306. 

28. Germuth, F.G., Jr., Ottinger, B. and Oyama, 
J. 1952, Proc. Soc. Exper. Biol. & Med. 80: 
188-191. 

29. Fischel, E. E., Vaughan, J. H. and Photo- 
poulos, C. 1952, Proc. Soc. Exper. Biol. & 
Med. 81: 344-348. 

30. Ehrlich, P. and Shiga, K. 1904, Berliner 
Klin. Wehnschr. 41: 329-332, 362-365. 
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Med. 6: 118. 
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the early therapeutic effect of a low dose 
(1 micromole per kg) of oxophenarsine 
but not antagonistic to the early thera- 
peutic effect of higher doses (2 or 4 
micromoles per kg). In other words, 
the blood is cleared of trypanosomes by 
oxophenarsine just as rapidly in a cor- 
tisone-treated rat as in a rat not given 
cortisone, provided oxophenarsine is 
given at a dose of 2 micromoles per kg 
or more. late effect of 


cortisone was found, inasmuch as the 


However, a 


cortisone-treated rats relapsed and died 
sooner than the rats treated with ox- 
ophenarsine alone. 

In the light of the various studies we 
interpret the present results in the fol- 
lowing way. When a low dose of arsenic 
(1 micromole per kg) was given to an in- 
fected rat, many of the trypanosomes 
but killed in the 
blood. In this state the trypanosomes 


were weakened not 
fell prey to the macrophages, which 
were unable to capture the untreated 
fully active trypanosomes. In those rats 
given the cortisone phagocytic function 
was impaired and the effectiveness of a 
low dose of arsenic diminished. When a 
higher dose of arsenic was given many 
of the trypanosomes were killed in the 
blood and the phagocytic function be- 
came relatively less important in the 
early action of the drug. The subse- 
quent course of the infection depended 
on the ability of the rat to form anti- 
body in response to the ingested tryp- 
anosomes. In the cortisone-treated rats 
antibody production was impaired and 
as a result the infection soon relapsed 
and killed the rats. 

These results are interpreted as evi- 
dence that the rat is an active partici- 
pant in the early action of a low dose of 
oxophenarsine but not in the early ac- 
tion of a higher dose of oxophenarsine. 
On the other hand, the rat is capable of 
actively resisting the parasite once the 
drug has cleared the blood of most of 


the parasites. Since cortisone has no 
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effect on the normal course of the un- 
treated infection nor on the ability of 
higher doses of oxophenarsine to clear 
the blood this late effect 
would seem to depend on its ability to 


of cortisone 


interfere with acquired immunity. 

In view of the ability of cortisone to 
interfere with natural and acquired im- 
mune mechanisms these experiments are 
evidence that the untreated rat infected 
with 7, 
stance of parasitism uncomplicated by 


equiperdum represents an in- 


resistance on the part of the host. This 
might be suspected from the high de- 
gree of virulence, the uniformity of the 
infection and the exponential course of 
this invariably fatal infection. The de- 
parture of the course of the parasitemia 
from an exponential curve late in the 
infection suggests a destruction of a 
portion of the population but we have 
found, in another type of experiment,™ 
that this departure is probably due, at 
least in part, to an inhibition of growth. 
The present experiments strengthen the 
argument that the departure from the 
exponential curve is not due to any 
mechanism of acquired immunity, at 
least none that can be inhibited by 
cortisone. 


SUMMARY 


Cortisone interfered with the action 
of oxophenarsine on Trypanosoma equi- 
perdum in two ways, depending on 
the dose of oxophenarsine. At a low dose 
of oxophenarsine cortisone caused a 
delay in the disappearance of trypano- 
somes from the blood. At higher doses 
cortisone administration was associated 
with earlier relapse and a higher death 
rate than treatment with oxophenarsine 
alone. 

Cortisone had no effect on the course 
of T. 


sence of oxophenarsine. 


equiperdum infections in the ab- 


33. Cantrell, W 
221. 


1953, J Infect. Dis. 93: 219 
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A factor which suppressed the es- 
tablishment of nonsmooth types in 
liquid cultures of smooth brucellas was 
observed by Braun (1949) in normal 
serums of species of animals relatively 
susceptible to infection with brucellas. 
Serums of relatively resistant species 
failed to suppress the establishment of 
variants, 

Braun and Hauge (1948) have pre- 
sented data which appeared to establish 
a correlation between the absence of the 
smooth selective (SS) factor from the 
serums of various animal species and the 
ability of nonsmooth variants to es- 
tablish themselves in the animal tissues. 
In these experiments mice, which lack 
the SS factor, were with 
massive doses of variant brucellas and 
sacrificed after 5 weeks. At this time 
variants identical with the particular 


inoculated 


type inoculated were isolated from the 
spleens of almost all mice. Guinea pigs 
inoculated with large numbers of non- 
smooth cells did not yield variants when 
cultures were made 9 to 10 weeks after 
inoculation. 

In further studies of the significance 
of the SS factor Braun (1950) found that 
during the infection with 
smooth (S) organisms the selective fac- 
tor disappeared from the serums of the 
infected animals which normally have it, 
e.g., guinea pigs, cattle, human beings. 
Results reported by Braun and Mead 
(1949) indicated that one variant was 
able to establish itself in vivo during the 


course of 
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period when the SS factor was not de- 
monstrable, Eighteen days after infec- 
tion of guinea pigs with a population 
of Brucella suis consisting of more than 
99% S and less than 1% intermediate 
(1) types, the tissues of the animals 
yielded 18% of the | type upon culture. 
Similar cultures made 36 days after 
inoculation contained 81% I types. 

Jones and Berman (1951) and Braun 
et al (1951) have shown that when 
guinea pigs were inoculated with S 
brucellas and subsequently inoculated 
with mucoid (M) variants, at a time 
when the SS factor had disappeared, the 
M variants were unable to maintain 
themselves in the host tissues. In fact, 
the variants were eliminated more 
rapidly from such guinea pigs than from 
those inoculated simultaneously with 
the S and M cells. In the experiments 
performed by Braun's group, the M 
organisms were inoculated by either the 
subcutaneous or the intracardial route. 
The variants persisted slightly longer 
when inoculated intracardially but were 
still eliminated more rapidly than were 
variants inoculated simultaneously with 
S. These observations indicated that in 
eliminating the SS factor from the 
serums of the guinea pigs by infection, 
a specific immunity was developed, thus 
complicating the evaluation of the sig- 
nificance of the SS factor and of factors 
inherent in the organisms which may 
condition the ability of variants to es- 
tablish themselves in animals. One ex- 
perimental approach to the problem of 
evaluation of the competitive values of 
variant and S organisms in vivo is 
offered by the use of animals, such as 
mice, which lack the SS factor. 
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SMOOTH AND Mucorp BRUCELLAS IN MICE 


MATERIALS AND METHODS 


Brucella abortus strain 2308, which was ob- 
tained originally from the Bureau of Animal In- 
dustry, U. S. Department of Agriculture, and a 
streptomycin resistant (Sr) mucoid variant (Sr 
2308 M 


this investigation. The parent strain is sensitive 


derived from it were used exclusively in 


to streptomycin (Ss) and its colonial morphology 
is smooth. These cultures were used in the ex- 
periments with guinea pigs reported by Jones 
and Berman (1951) 


which was resistant to streptomycin facilitated 


The use of a mucoid strain 


differentiation of the organisms recovered from 
animal tissues. 

Inoculums were prepared by suspending 24 to 
48 hour growth from Albimi agar slants in physi- 
ological saline. These were adjusted to a concen- 
tration of approximately 10° cells per ml, as de- 
termined by turbidity measurements with a Cole 
man Nephocolorimeter. Appropriate dilutions of 
these suspensions were inoculated into mice or 
onto cell count plates from which the numbers of 
cells in inoculums were calculated. 

CFW mice from the colony maintained by this 
department were used in all experiments. At the 
time of inoculation the mice weighed 20 to 25 g. 
When animals were sacrificed, macerated tissue 
from spleens, livers, testes, and at least two pair 
of lymph nodes was cultured on 2-1 agar (Henry, 
1933) and on 2-1 agar containing 200 to 500 yg 
of streptomycin per ml. After incubation for 4 
days at 37 C the plates were examined with a 
binocular dissecting microscope using obliquely 
transmitted light, and the colonial morphology 
of the recovered organisms was recorded. These 
observations were supplemented by the acri- 
flavine test and the crystal violet test of White 
and Wilson (1951). 


EXPERIMENTAL RESULTS 


Experiment 1.—Mice were inoculated 
intraperitoneally with numbers of strain 
Sr 2308 M ranging from 10* to 10°, with 
numbers of the parent Ss 2308 S ranging 
from 10° to 10°, and all possible combi- 
nations. mice from each 
with S or M organisms 
alone and two from each group inocu- 


Three group 


inoculated 


lated with the combinations were sacri- 
ficed at 4, 14, 28 and 56 days after 
inoculation. 

The results are summarized graphi- 
cally in figures 1 and 2. It can be seen 
from figure 1 that the mucoid organisms 
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persisted in large numbers for at least 
28 days in the tissues of mice inoculated 
only with the mucoid culture. At 56 
days after inoculation the tissues yielded 
relatively few mucoid organisms. There 
was no evidence of ‘‘reversion’’ to the 
smooth type in any of the mice. 

Examination of the sites of localiza- 
tion of the mucoid organisms in these 
mice indicates a possible preferential 
localization in the spleen as compared 
with the 'ymph nodes. This was par- 
ticularly apparent in inoculated 
with 10° or 10’ organisms and sacrificed 
at 14 and 28 days. 

An inoculum of 10° of the smooth or- 
ganisms was sufficient to establish an in- 
fection which persisted for 56 days in 
most mice. Clear-cut differences in site 


mice 


of localization were not apparent in 
these mice. The only gross pathologic 
changes observed were moderate lym- 
phadenitis and splenomegaly. 

In animals inoculated with mixtures 
of M and S (fig. 2) and sacrificed after 4 
days, the mucoid organisms predomi- 
nated. In fact, smooth organisms could 
be demonstrated in the tissues of only 8 
of 32 mice and in most of these relatively 
few were present. No organisms could be 
isolated from 5 mice. Excessive con- 
tamination may explain the failure to 
isolate brucellas from at least two of 
them. Cultures of the lymph nodes of 
one mouse inoculated with 10° M and 
10° S yielded 25% M colonies and 75% 
S, while the spleen contained 70% M 
and 30% S. 

At 14 days, mixtures of M and S were 
recovered from all but 8 of 32 animals 
and 4 of these had been inoculated with 
the largest numbers of mucoid organ- 
(10°). Mucoid organisms pre- 


dominated in cultures from most ani- 


isms 


mals, especially those inoculated with 
only 10° or 10‘ S organisms. 


There was strong evidence of prefer- 


ential localization by the two types in 
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Fic, 1.—Relative numbers and colonial types of organisms recovered from groups of mice inoculate 
with varying numbers of S or M Br. abortus (exper. 1). 
Left bar—lymph nodes, right bar—spleens, open bar—smooth, solid bar 


mucoid. Fractions are 
number of infected animals over number examined. 





some mice. For example, one mouse 
inoculated with 10 S and 10* M had 
only smooth organisms in the lymph 
nodes and only mucoid organisms in the 
spleen. The lymph nodes of a mouse 
inoculated with 10* S and 10’ M yielded 
99% S colonies and 1% M, while the 
spleen contained 99% M and 1% S. 
Various degrees of this type of distri- 
bution were apparent in animals exam- 
ined at this time. 

At 28 days, mixtures of M and S were 
recovered from the tissues of 19 mice, M 
alone from 8, S alone from 2 and no 


recoveries were made from 3. Four of 
the mice which yiclded M alone had 
been inoculated with 10° M and 10° or 
10*S, the other four had been inoculated 
with smaller numbers of M and 10* or 
10‘ S. The tendency toward differential 
localization of the two types in spleen 
and lymph node was still apparent in 
many animals. It was also evident from 
the proportions of the two types that the 
smooth organisms were establishing 
themselves at the expense of the mucoid 
organisms. 

At 56 days after inoculation, mix- 
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Fic. 2.—Relative numbers and colonial types of organisms recovered from groups of mice in- 


oculated with mixtures of S and M Br. abortus (exper. 1). 


Left bar—lymph nodes, right bar 


spleens, open bar 


smooth, solid bar—mucoid. Eight mice were 


examined in each group except the one inoculated with 10° or 10° S and 10* and 10° M sacrificed at 56 
days. Six mice were examined in this group. Numerals below bars give numbers of mice whose tissues 


yielded all M, 


are not included 


all S or mixtures of M and S organisms. Mice from which brucellas were not isolated 


) Two S colonies were recovered from this animal. 


tures of the two types were recovered 
from the tissues of 13 mice, M alone 
from 9, S alone from 6 and no isolations 
could be from 2. Differential 
localization was still manifest in some 
animals, and 


made 


increased 
proportion of smooth organisms in the 


there was an 
animals from which mixtures were re- 
covered, the 
number of animals infected with smooth 
organisms alone. 

Experiment 2. 
tend the findings presented above, 


as well as increase in 


To confirm and ex- 
the 
experiment was repeated using fewer 
combinations of numbers of organisms 
and larger groups of mice. Groups of 
mice were inoculated intraperitoneally 
with 5108 or 5 X10° cells of Ss 2308 S, 
or 410° or 4108 cells of Sr 2308 M, 
respectively. Three groups of mice re- 
ceived combinations of 5X10° S with 
4x10* M, 510° S with 410° M, or 
5 X10° S with 410* M. Groups of 3 to 


7 mice from each of the control lots, and 
6 from each of the groups given mix- 
tures were sacrificed at 9, 16, 31 and 58 
days following inoculation. 

The results are summarized in figures 
3 and 4. It may be seen that the M 
organisms persisted in relatively large 
numbers throughout the 58 day 
servation period in the tissues of mice 
inoculated 410° cells, 
least to some extent in the mice given 
4X 10° cells. from M to S 
was observed in 10 of the 26 mice exam- 
ined which had been inoculated with the 
larger number of organisms, and from 
one of the 20 animals which 
ceived the smaller dose. 


ob- 


with and at 


“Reversion” 


had re- 
These smooth 
brucellae were indistinguishable from 
the parent S form of strain 2308 when 
streaked together with it on 2-1 agar, 
but were resistant to streptomycin, as 
was the M 
mice. 


variant inoculated into the 


The S form did not predominate 
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Fic, 3.—Relative numbers and colonial types of organisms recovered from groups of mice in- 
oculated with varying numbers of S or M Br. abortus (exper. 2). 

Left bar-lymph nodes, right bar—spleens, open bar—streptomycin sensitive smooth, cross- 
hatched bar—streptomycin resistant smooth, solid bar—mucoid. Numerals below bars give numbers 
of mice in each group. All mice examined were infected, 

(1) A few S colonies were recovered from these tissues. 
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Fic. 4.—Relative numbers and colonial types of organisms recovered from groups of mice in- 
oculated with mixtures of S and M Br. abortus (exper. 2). 

Left bar—tymph nodes, right bar—spleens, open bar—smooth, solid bar—mucoid. Numerals below 
bars give numbers of mice whose tissues yielded all M, all S or mixtures of M and S organisms, Pro- 
portions of smooth colonies which were resistant or sensitive to streptomycin were not recorded. All 
animals examined were infected. 


(1) A few M colonies were recovered from these tissues. 


in any of the animals in which reversion in which it was found. Relatively more 
had occurred but was present in rela~- M organisms were recovered from the 
tively greater numbers in the lymph _ spleens than from the lymph nodes of 
nodes than in the spleens of the mice most of the mice. x 
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An inoculum of 510° S cells was 
sufficient to establish an infection which 
persisted in all mice for 58 days. Clear- 
cut differences in site of localization 
were not apparent in these mice. 

At 9 days after inoculation with mix- 
tures, mucoid organisms predominated 
in the tissues of the animals inoculated 
with the larger dose of the M type and 
the smaller dose of S. Preferential lo- 
calization of the S type was apparent in 
the lymph nodes of two of these mice. 
had 510° S 


cells yielded more S organisms and pref- 


Animals which received 
erential localization was manifest. 

As shown in the graph, with the pas- 
sage of time there was a progressive dis- 
placement of M brucellas by the S type 
in the tissues of the mice. This was most 
apparent in the animals which had re- 
ceived approximately equal numbers of 
the two types, and was merely delayed 


in the animals which had been inoc- 
ulated with larger numbers of M organ- 
isms. Differential localization of S or- 


ganisms in the lymph nodes and the M 
type in the spleens was observed in 
most of the groups. 
Experiment 3.—Large inoculums of 
M organisms which produced no signs 
of toxicity when injected intraperitone- 
ally into mice had a lethal effect when 
introduced intravenously (authors, un 
published data). In a titration experi- 
ment 8X10* M cells killed 2 of 13 mice 
36 to 40 hours after intravenous injec- 
tion; 810° M cells were lethal for 10 
of 13 mice treated in the same way. 
This 
study the effect of prior intraperitoneal 
with S 


toxic effect and on the persistence of M 


experiment was designed to 


inoculation brucellas on this 
organisms in any mice that might sur- 
the 
Groups of mice were injected intrave 
nously with 9 & 10° or 9 K 10° M brucellas 
after one of the following 


vive intravenous inoculation 


treatments: 


intraperitoneal inoculation with S 8 
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TABLE 1 Survival of mice following intra 
venous inoculation with large numbers 


of mucoid Br. abortus 


Mucoid inoctlums 


Smooth inoculums Totals 
9x10" ®x10° 
None 17/18* 1/18 18/36 
9x10 S simultane 
ously with M 16/18 1/15 17/33 
1.1 X10° S 4 weeks be 
fore M 13/17 0/16 13/33 
9 X10°S 8 weeks before 
M s/17 0/18 4/45 
Totals 49/70 2/67 


* Numbers of mice which survived 
inoculated 


ver numbers of mice 


weeks earlier, intraperitoneal inocula- 
tion with S 4 weeks earlier, intraperi- 
toneal inoculation with S at the same 
time, no other treatment. The number 
inoculated and the number of survivors 
in each group are shown in table 1. The 
surviva! curves in figures 5 and 6 indi- 
cate that prior infection of mice with 
Br. their 
susceptibility to the toxic effect of large 


smooth abortus increased 
numbers of M cells introduced intraven- 
ously. Signs of toxicity were evident 
within a few hours in the groups which 
received the larger number of M organ- 
isms and which had received S organ- 
isms 4 or 8 weeks previously. Thirty- 
three of the 34 mice died in less than 
24 hours. Thirty-one of 33 mice ex- 
posed to the same number of M, but 
which had no previous experience with 
S, expired during the period from 24 to 
260 hours after injection of M organ- 
isms. 

Of the the 


smaller inoculum of M organisms, 14 of 


animals which received 
17 infected 8 weeks previously with S 
died within 90 hours; 4 of 17 infected 
4 weeks previously with S died within 
50 hours; but only 3 of 36 not previously 
infected failed to survive. 

The mice which survived intravenous 
inoculation of 9X10* M organisms were 
divided into three groups which were 
subjected to postmortem examination 
at 14, 25 and 52 days after injection. 


The results are summarized graphically 
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Survival curves of mice inoculated intravenously with 910% M Br. abortus. 











in figure 7. The persistence and localiza- 
tion of the mucoid strain when injected 
intravenously did not differ significantly 
from that found after intraperitoneal 
injection in experiments 1 and 2. “Re- 
version’ to S occurred in 6 of the 17 
mice which received M alone. Prior in- 
fection with S brucellas had little, if 
any, effect on the persistence of M or- 
ganisms in those mice autopsied 14 days 
after inoculation with M. There was a 
smaller proportion of M in tissues of the 
4 mice which had received S 4 weeks be- 
fore M (group 2) than in the 5 animals 
which received S and M simultaneously 
(group 1), but this difference had dis- 
appeared in animals sacrificed at 25 and 
52 days. Mixtures were present in the 
majority of mice in groups 1, 2 and 3 
and the superior competitive value of S 
organisms, at the expense of the M vari- 
ant, was again evident with the passage 
of time. That 
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occurred was shown by the presence of 
Sr smooth organisms (as well as Ss) in 
tissues of 5 of the 32 mice which had 
been inoculated with both S and M or- 
ganisms, 


DISCUSSION 


Comparison of the results of experi- 
ments 1 and 2 with those obtained by 
Jones and Berman (1951) from guinea 
pigs, inoculated simultaneously with the 
same M variant of Br. abortus and the 
parent S type reveals several interesting 
differences as well as a general similar- 
ity. Although the M type was able to 
maintain itself in competition with S 
organisms the 
than in guinea pig 
tissues, the tendency of S brucellas to 
establish 


more successfully in 


tissues of mice 


themselves, from relatively 
small inoculums, at the expense of large 


numbers of M brucellas, was manifest 
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Fic, 7.—Relative numbers and colonial types of organisms recovered from groups of mice inoculated 


with Br. abortus 
Left 
hatched bar 


bar—lymph nodes, right bar 


spleens, open bar 
streptomycin resistant smooth, solid bar 


M, M and S simultaneously or M after previous infection with S (exper. 3). 


streptomycin sensitive smooth, cross- 
mucoid. Numerals below bars give numbers 


of mice whose tissues yielded M, S or mixtures of M and S organisms. All animals examined were 


infected, 


(1) A few streptomycin resistant back mutants from M to S were recovered from these tissues. 


i? 


animal. 


\ few M colonies were recovered from these tissues. (3) Six M colonies were recovered from this 
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numbers of M variants were very large 
relative to the numbers of S organisms 
(as 10* M, 10° S) the variants persisted 
almost as long in animals inoculated 
with mixtures as in animals inoculated 
with the variants alone, although the 
numbers which could be recovered were 
smaller. 

It is clear that in vivo selective condi- 
tions differ in animals which have or do 
not have the SS factor, and that the out- 
come of mixed infections in species 
which lack the SS factor depends in 
large part upon the numbers of variants 
inoculated. It is equally clear that even 
in hosts lacking the SS factor the com- 
petitive value of a variant with regard 
to the S type depends largely upon fac- 
tors inherent in the organisms. This is 
most apparent when the numbers of the 
two types are more evenly in balance. 
These undefined factors might be con- 
sidered to contribute to the ‘‘invasive- 
ness”’ of the organism. It is interesting 
to speculate on the role of the “native 
antigen” of the S type in invasiveness, 
particularly as this antigen is not de- 
monstrable in the M variants which have 
been studied in this laboratory (Jones 
and Berman, 1951, Jones, 1953). The 
ability of M variants of brucellae to 
produce abscesses and microscopic 
granulomata in the lymph nodes of 
guinea pigs, demonstrated by Jones and 
Berman (1951), is evidence of at least 
partial independence of some of the 
components of pathogenicity. 

It is possible that the differential 
localization of the M variant used in this 
study in the spleens of mice is a mani- 
festation of low invasive power. It has 
been pointed out that in animals inoc- 
ulated intraperitoneally with M organ- 
isms alone, more organisms were re- 
covered from the spleens, where ap- 
parently they are somewhat resistant to 
host defense mechanisms, than from the 
lymph nodes, where the defenses might 
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be more effective. In mixed infections, 
this rapid clearance of M from the 
lymph nodes may tip the 
numerical balance in favor of the S 
forms, whose “invasive’’ factors seem 
to be more effective against the host 
defense. It may be postulated that the 
S organisms are delayed in establishing 
themselves in the sp'eens because of the 
numerical advantage of the M type, 
mediated by the lower efficiency of the 
local host defense. The ability of the S 
form eventually to displace the M type 
when the numerical balance is properly 
adjusted makes it unlikely that this de- 
lay is attributable to the accumulation 
in the spleen of metabolites inhibitory 
for the S type, produced by the M or- 
ganisms (Jones and Berman, 1951). 
Further evidence that the M variant 
used in this study is less pathogenic than 
S Br. abortus is found when these data 
are compared with the results obtained 
by other workers. In our experiments 
inoculums of 10° cells of Sr 2308 M had 
a lethal effect when injected intraven- 
ously, while approximately 10'° cells 
had no toxic effect when introduced 
intraperitoneally. Olitzki (1953) deter- 
mined the LDyo's of streptomycin sensi- 
tive and resistant smooth and rough 


relative 


brucellas suspended in mucin and in- 
jected intraperitoneally. All the rough 
strains were less virulent for mice than 
the smooth parent strains but the use 
of mucin reduced the size of the LD go 
dose. For example the LD, of strepto- 
mycin-sensitive smooth Br. abortus 
strain 2308 was 4.210’; that of the 
streptomycin-resistant rough variant, 
3.8 10°. White (1949) found the LDgo 
of S cells of strain 2308 to be 410° 
when injected intraperitoneally with- 
out mucin into mice of the Rockefeller 
strain. One MLD of a recently isolated 
CO,-sensitive strain of Br. abortus was 
4 X10* ce'ls when inoculated into white 
mice by the intraperitoneal route with 
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or without mucin (Live and Giuliani, 
1953). The the 
“native antigen” is a possible explana- 


apparent absence of 
tion for the failure of inoculums of M 
cells, 10 to 100 times the required num- 
ber of S, to produce toxic death. 

The survival curves in figures 5 and 6 
indicate that infection with S brucellas 
produced a state of hypersensitivity 
which increased with time at least until 
eight weeks after inoculation. The reac- 
tion of the animals to introduction of 
large numbers of M cells was more rapid 
and more severe in those animals which 
had been exposed to S organisms. This is 
analogous with a type of anaphylactic 
hypersensitivity reaction elicited when 
310° 
strain 


cells of a mucoid variant of 


2308 


toneally into guinea pigs which had re- 


were injected intraperi- 
ceived S organisms several weeks pre- 
viously (Redfearn, unpublished data). 
These manifestations of hypersensitiv- 
ity are evidence that some of the same 
or similar antigenic components must be 
present in both M and S cells. Antigenic 
relationship between M and S brucellas 
manifested by cross hypersensitivity re- 
actions of the delayed type have been 
demoustrated in guinea pigs by Red- 
fearn (1953). The failure to demonstrate 
production of antibodies for either M or 
S antigens in guinea pigs infected with M 
organisms by any of several serological 
techniques (Jones, 1953) and the in- 
agglutinability of M brucellas in anti-S 
serums indicate that deeper antigens 
are responsible for these hypersensitiv- 
ity reactions. 

Cultures isolated from the tissues of 
the survivors in experiment 3 revealed 
no striking effect of prior infection with 
S cells, or of route of inoculation of the 
M, on persistence of the variant organ 


Mucoid 


covered in approximately equal num- 


isms in mice cells were re- 


bers at 25 and 52 days from mice which 


were given M and S, simultaneously, 
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that had received S 


organisms 4 weeks prior to M. A higher 


and from those 
proportion of M organisms was present 
in the 3 animals sacrificed at 25 days 
which had been infected with S 8 weeks 
before M, but the number of animals is 
too small to permit conclusions. Large 
numbers of smooth brucellas persisted 
in mice for at least 114 weeks. Experi- 
ment 3 confirmed the conclusion drawn 
from experiments 1 and 2 that S organ- 
isms the 
expense of variants. Localization of M 


can establish themselves at 
in the spleens was apparent in all groups 
from which large numbers of M organ- 


isms were recovered. 


SUMMARY 


Mice were inoculated intraperitone- 
ally with graded numbers of a highly 
Brucella 
variant, each 
Identifica- 
tion was facilitated by using a labelled 


pathogenic smooth strain of 


abortus and its mucoid 


alone and in combinations, 
(streptomycin-resistant) mucoid strain. 
Although the mucoid type persisted in 
the tissues of the mouse in the presence 
of the S organisms more successfully 
than in the guinea pig, the tendency of 
the S organisms to establish themselves 
the 
expense of the M variants was manifest 


from relatively small inocula at 
in both spec ies. This makes it clear that 
even in hosts lacking the smooth selec- 
tive factor the competitive value of a 
variant with regard to the S type de- 
pends in large part upon factors inher- 
ent in the organisms. Differential locali- 
zation of the smooth type in the lymph 
the the 


spleens was a feature of the mixed in- 


nodes and mucoid type in 
fections, 

Intravenous inoculation of large num- 
bers of mucoid organisms had a lethal 
eflect 


had experienced 


which was enhanced if the mice 
prior infection with 
smooth brucellae. Neither the change 


in route of inoculation nor previous in- 
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fection with smooth organisms affected 
the competitive values of the 
colonial types in mice. 


two 
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A STUDY OF MEDIUMS FOR THE GROWTH AND ISOLATION 
OF FILAMENTOUS MOUTH ORGANISMS 
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The existence in the mouth of filamen- 
tous nonbranching organisms which fail 
to grow or grow with difficulty on labo- 
ratory culture mediums has been rec- 
ognized for some time. The history of 
these forms dates back to some of the 
earlier studies reported by Buehlmann,' 
Robin,? Trevisan,’ Miller,* and a few 
others,®* although 
were not too complete. The first good 


their descriptions 


description of the cultivation of non- 
branching filaments was that done by 
Meunier and Bertherand’ in 1898, while 
one of the few informative studies on 
the oral types of this group is that of 
Bibby.* The excellent review by Rose- 
bury® aptly covers the work in this 
field, as very little has been done with 
these organisms since that time. Much 
of the work on these forms has been 
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Orland for 


Nm 


1916, 


~ 


devoted to attempts at isolation and 
but little progress has 
been made in spite of many efforts. One 


maintenance 


is still confronted with the situation of 
finding large numbers of these forms in 
smears of plaque material, but on at- 
tempted cultivation few of them grow 
or, if they do appear, they fail to grow 
after one or more transfers. 

This work dealing with the study of 
filamentous mouth organisms has cen- 
tered primarily on those nonbranching 
forms which can be seen in direct smears 
of plaque material taken from human 
teeth. They could be distinguished from 
“typical”’ Actinomyces by their char- 
acteristic growth on agar and by mor- 
phology in stained smears taken from 
isolated colonies. The colonies of these 
forms appear filamentous or rhizoid in 
nature, with a rather soft consistency, 
in contrast to the hard, brittle appear- 
ance of most Actinomyces colonies. They 
occur in varying sizes and shapes, which 
may indicate the existence of several 
species in this group. In the past these 
forms have had an uncertain status in 
classification and have been referred to 
variously as Actinomyces, Leptotrichia, 
Leptothrix, and other terms. 


MATERIALS AND METHODS 


the earlier 
included modifications of brain- 


Various mediums were used by 
workers. They 
heart infusion,’® use of blood from different ani- 


mals,'"°"" other enrichment additions such as 


10. Hemmens, E. S. and Harrison, R. W. 1942, 
]. Infect. Dis. 70: 131-146. 
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ascitic fluid,*"* use of inhibitory substances" 
such as dyes to make the medium more selective, 
and others. The technique of alternately trans- 
fering* the culture from one medium to another 
has also been suggested. In the beginning of this 
work we tried several different mediums in an 
attempt to find one which could be used both as 
an isolating medium and a medium in which the 
cultures could be adequately maintained for fur- 
ther study. These included nutrient agar, veal 
infusion agar, brain-heart infusion agar, Loef- 
fler's serum agar, thioglycollate agar, blood agar 
(sheep's blood), chocolate blood agar, tomato 
juice yeast extract agar, tryptose agar, a casein 
hydrolysate medium, and a few others. Along 
with these solid basal mediums variations of semi- 
solid and liquid mediums were tried. Other 
changes in the mediums involved the addition of 
various combinations of reducing agents, com- 
pounds known to bind inhibiting substances, 
“undefined” nutrients, and ions which might in- 
duce filamentation, The reducing agents included 
thioglycollate, cysteine, and glutathione. The 
nutrient additions were yeast extract, crystalline 
bovine serum albumin, ascitic fluid, saliva, egg 
yolk suspended in a special salt solution, pow- 
dered enamel from extracted human teeth, and 
distilled water extracts from the original plates 
containing numerous filamentous colonies. Other 
things such as Tween 80 and ergosterol were also 
tiied. The sources of inorganic ions were Mg 
salts, Ca salts and powdered enamel. The sub- 
stances used to block any inhibiting properties 
present in agar or the medium were charcoal, 
starch and serum albumin. 

After screening various combinations, a me- 
dium composed of tryptose, starch and yeast ex- 
tract proved to be the most promising. The com- 
position of this medium is presented in table 1. 
This medium and three others considered to be 
promising were tested in a comparative study of 
their ability to support growth of filamentous 
forms in primary isolations. The other three 
mediums were: brain-heart infusion agar (BH), 
brain-heart thioglycollate crystalline 
bovine serum albumin agar (BHTS), and dex 
trose veal afusion yeast extract agar (DVYA). 
The choice of BH was based on the fact that this 
medium closely resembled those used by the 
earlier workers in the isolation of these forms. 
BHTS was an attempt at improving the BH me- 
dium by the addition of a reducing agent and a 
possible “detoxifying carrier” as suggested by 
some work with leptospira® and the Reiter 


infusion 
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TABLE 1.—Tryptose starch yeast extract agar 


(TSY). 
Tryptose (Difco) 20 
Nacy , 5S 
Yeast Extract (Difco) 52 
Soluble Starch (Pfanstieh!) 0 « 
Agar iS¢ 


Medium adjusted to pH 6.8 to 7.0 and made to 1000 ml 
with distilled H,O. 


treponeme.“ DVYA was used because of its 
simplicity and also because it has been and is 
being used to maintain many stock cultures 
known to have a wide assortment of nutritional 
requirements. TSY was chosen asa possible source 
of peptides that would not be supplied by the 
other infusions. Soluble starch was used because 
of a recent report by Nickerson" in which fila- 
mentation was induced in Candida albicans, and 
also because of the possibility that it could re- 
move inhibitory properties of agar as demon- 
strated by work with Neisseria gonorrhoeae."* 
Yeast extract was included to supply any un- 
known growth factors that might be necessary. 
All of the mediums tested throughout this work 
were adjusted to a pH of 6.8 to 7.0 with NaOH 
before autoclave sterilization. Heat labile sub- 
stances, such as bovine serum albumin, ascitic 
fluid, etc., were sterilized by filtration through 
sintered glass and added aseptically to the medi- 
um after sterilization, 

The inoculums for the primary isolations were 
obtained from tooth scrapings taken largely from 
between the cuspid and bicuspid teeth of the 
mandible. Occasionally material was obtained 
from between two molars or between the bicuspid 
and first molar. In some of the earlier experiments 
special precautions were taken to obtain the ma- 
terial as free from external contamination as pos- 
sible. This was done by the use of a separator, 
careful washing of the area and the use of cotton 
rolls.2° The interproximal area was washed in the 
usual manner and dried with air and the plaque 
was removed by means of a sterile, modified 
dental scaler. The plaque was then suspended in 
1.0 ml of sterile buffered saline, broken up by agi- 
tation and streaked on various solid mediums 
In later experiments sterile instruments were used 
without the aid of the separator or cotton rolls to 
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obtain the necessary material. The mouth was 
thoroughly rinsed with water prior to obtaining 
the specimens with no other precautions taken 
to prevent contamination. The material so ob- 
tained was usually a bit of the plaque and materia 
alba which was emulsified in sterile buffered 
saline and streaked with the aid of a wire in- 
oculating loop on the plating mediums. Generally 
the material obtained by such a method when 
smeared and stained showed these forms in great 
abundance. 

rhe primary plates, which had been streaked 
with the material from the tooth scrapings, were 
incubated in vacuum jars which were evacuated 
and flushed with CO, twice and finally re-evacu- 
ated until approximately 5% CO, partial pressure 
remained. These jars were then placed in an in 
cubator at 37 C for a period of 3 to 4 days. The 
system used for evacuating these jars was a 
vacuum pump attached to a 
manometer to measure the degree of 
vacuum produced in the entire system. With the 


“Cenco Hyvac”’ 
mercury 


primary plates no other precaution was necessary 
since the mixed bacterial flora used up the re 
maining O, and thus allowed the filamentous 
forms to grow. In subsequent transfers, however, 
pyrogallic acid and sodium carbonate was used 
in the bottom of the jars to measure the degree 
and efficiency of the anaerobiosis obtained and 


also to remove the O, that remained after the 


evacuation procedure. 
RESULTS 

Of the various mediums used only 
four appeared to be promising, and 
these were used in a comparative study 
of colony formation of the filamentous 
bacteria. The other mediums mentioned 
were abandoned after preliminary trials 
since they rarely supported growth of 
these forms or because the nature of the 
medium made it difficult to isolate or to 
see the colonies. 

Comparative studies of the primary 
plates of the four mediums were made 
in ten different series to determine the 
numbers of filamentous forms appearing 
on each medium. These plates were made 
in triplicate in each series. Due to the 
method of inoculating the plates an ex- 
act numerical comparison could not be 
made although a relative comparison 
The 


which the bacteria were dispersed in 


was justified. uniformity with 
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the suspension used to streak the plates 
depended upon how well the material 
was broken up; since it was obtained 
largely as a mat in the dental plaques 
the material had a tendency to stick 
together and thus it was difficult to ob- 
tain a uniform 
quently, one could not be sure that all 


suspension. Conse- 


plates received an equal amount of 
Also, 


colonies was 


material. since recognition of 


based on colonial mor- 
another 
limiting or error-producing factor. The 


filamentous forms 


phology this could well be 


might conceivably 
produce a different colonial morphology 
on the various mediums used; or, cer- 
tain mediums might favor filamentation 
and thus increase the number of these 
forms appearing on a given plate. To 
eliminate some of these variables these 
experiments were carried out several 
times and the results compared. 
Admittedly, there was a wide varia- 
tion in the numbers appearing on the 
different plates of the same medium in 
the different experiments and the pro- 
portionate differences between the var- 
ious mediums were not always the same; 
but the 


were similar. The results of these series 


generally speaking patterns 
of experiments are shown in table 2. 
Where the counts were low the whole 
plate was observed, while in those cases 
the 
colonies on a part of the plate were 


where the counts were high only 


counted. In these cases generally one- 


third or one-half of the plate was 


TaspLe 2.—Number of filamentous colonies 


appearing on plates of different medium: 


Experiment DVYA BHTS BH rsy* 
i 5 10 10 w+ 
2 6 12 11 oO + 
3 4 1) 5 OO4+ 
4 5 25 6 w+ 
5 4 12 5 50+ 
6 5 20 6 40 4+ 
/ 7 26 15 ow + 
. 6 28 12 oO + 
9 6 20 18 oO+ 

10 4 Ww 20 wo + 


* Only part of these plates were counted since there were 
80 many colonies on eac ey These figures thus represent 


only an approximation of the total number of filamentous 


colonies appearing on each plate 
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The main interest was to 
make a qualitative comparison between 
the various mediums so that one could 
use the best medium for their primary 
isolation and further maintenance. 
From the results obtained TSY sup- 
ported the growth of more filamentous 
colonies in the primary isolations than 
did the other three mediums tested. 

The filamentous colonies grew out as 
several distinctly different morpho- 
logical types. Some examples of their 
colonial morphology are shown in the 
figures. All of the colonies showed 
streaming thread-like projections ex- 
tending from the edges which varied in 
thickness from single filaments to sev- 
eral together. After 3 or 4 days of in- 
cubation these colonies measured 0.25 
mm to 2 or 3 mm in diameter, and be- 
cause of the small size the counts and 
isolations had to be done with the aid 
of a dissecting microscope with 20X 
magnification. One of the difficulties in 
counting these colonies was that these 
forms would appear under colonies of 
other bacterial species, thus making an 
accurate count impossible. 

The pictures of the microscopic mor- 
phology of these forms, taken from 
stained smears, were somewhat similar 
in every instance, except that some were 
gram-positive and others were gram- 
negative. They varied somewhat in 
length and thickness; in general, the 
thicker, heavier forms were gram-posi- 
tive or gram-variable, while the thinner 
forms were gram-negative. There were 
others that appeared as gram-negative 
sheaths containing gram-positive gran- 
ules of varying sizes scattered through- 
out the length of the sheath. 

Although the four mediums tested 
were able to support the growth of these 
forms in primary isolation from tooth 
scraping suspensions, they failed in 
carrying them through successive trans- 
fers. Several attempts were made to 


counted, 
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isolate and purify these cultures and 
they were found nonviable after one or 
two transfers. That is, every attempt 
at transfering ended in failure to main- 
tain the cultures. 

Modifications were made of the orig- 
inal TSY medium in an attempt to find 
a medium which would support the 
growth of these forms through succes- 
sive transfers. Among the many modi- 
fications used the addition of Ca** ions 
in the form of CaCl in relatively small 
amounts (0.01%) and dextrose in 0.1% 
concentration improved the viability of 
these forms and cultures were thus 
carried through to the eighth transfer, 
at which time they were lost. It was also 
discovered that, for some unknown rea- 
son, after the medium had stood in the 
refrigerator for 3 to 4 weeks it failed to 
support the growth of these forms, even 
in primary isolation. It was therefore 
necessary to use fresh medium within a 
week or two after being made. A liquid 
medium of similar composition, minus 
the agar, and with half the amount of 
soluble starch, also supported the 
growth of some of these cultures. The 
growth in broth appeared as a clumpy 
sediment at the bottom with some 
clumps sticking to the sides of the tubes, 
leaving the broth clear. These broth 
cultures seemed to die for no apparent 
reason along with those kept on the 
agar plates. 

In some of the earlier work it was 
observed that certain samples of soluble 
starch did not give as good a result as 
others. Several attempts were made to 
find the cause for this discrepancy in the 
different samples. After washing a sam- 
ple of Pfanstiehl’s soluble starch three 
times with warm redistilled water 
(large volumes of around 500 ml for 
every 150 g of starch), centrifuging each 
time and decanting the supernatant to 
remove any traces of reducing sugars 
and other water-soluble components, it 








better 
Subsequent transters, however sil 
vived better with the addition of small 


amounts of dextrose and CaCl, 
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Fic. 1 


Gram stain of tooth scrapings showing 
dark gram-positive elements and lighter 


gram 


negative elements. Nonbranching filaments can 


be seen in both smears 


Fic. 2 and 3 Four’ matler colonies and four 


larger colonies These colonies were observed 


qqpunte frequently on the primary rS\ plate ind 
could be easily distinguished from each other 


hi tf and § Smear taken from miu 


filamentous colonie Note irregular staining i 


some of the longer tilament Irrewular hap mal 


forms can be seen in some of the smears (clubbed 


shape, curved forms, curled forms, et« 


found that this sample brought DISCUSSION 


results in the primary plates In 


isolating these organisms some 


author have claimed that the mor 


phology as well as the requirement tos 


oxygen had changed in later transters 
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Although the organisms required an- 
the 
isolations, some of them were found to 


aerobic conditions for primary 


grow under aerobic conditions after a 
few transfers. The reports also showed 
that some of those that did grow ap- 
peared more like diptheroid than the 
filamentous forms that were originally 
isolated. There was some indication that 
smooth and rough variants occurred in 
this group of organisms and that this 
phenomenon could be demonstrated on 
agar plate cultures, 

The filamentous forms isolated in this 
study remained anaerobic in their re- 
quirement and definitely maintained 
their filamentous morphology until they 
were lost. Many attempts were made to 
these forms under aerobic condi- 
but 


with these forms it can be seen that they 


grow 


tions without avail. In working 
grow very close to other organisms and 
that isolation becomes a very difficult 
procedure. Well isolated colonies can be 
seeded rather 


obtained if plates are 


carefully, and successful isolations of 
tiny colonies can be achieved by the use 
of a pasteur pipette of extremely fine 
diameter. 

Washing of the soluble starch to re- 
move the traces of reducing sugars and 
other water-soluble components ap- 
pears to have aided in the growth of the 
filamentous forms indirectly. The other 
bacterial species did not grow as luxuri- 
antly on these plates with the washed 
soluble starch, which might be an indi 
cation that some mouth organisms are 
capable of antagonizing or inhibiting 
the growth of the filamentous forms by 
the formation of harmful metabolic end 
products. Another possibility is that 
the unwashed sample the other 


able 


mechanically overgrow the desired fila- 


with 


bacterial sper ies were to just 


mentous forms, since the over-all growth 
appeared more luxuriant on these plates. 
The addition of small amounts of dex- 
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CaCl the 
transfer medium has aided somewhat in 


subsequent 


trose and to 
the viability of these forms in view of 
the fact that they have been maintained 
through more transfers by the use of 
mediums supplemented with them. Per- 
haps the addition of other nutrients can 
further improve the qualities of this 
medium (TSY). 

Since cultures have been kept for a 
period of eight transfers before being 
lost it would seem that the question of 
failure to supply needed nutrients 
would be ruled out for those kept for 
that length of time. There are, however, 
a few colonial types which have never 
been successfully transferred from the 
primary plates, and these are believed 
to require some additional nutrients 
for growth which were being supplied 
by one of the surrounding bacterial 
species on the primary plates. For those 
that were kept through a number of 
transfers, whatever nutrients that were 
carried over in the first transfer would 
soon dilute out through the succeeding 
transfers. This should approach the zero 
concentration by the third or fourth 
transfer, since isolated colonies were 
used in making the individual transfers 
in each case. From this point of view it 
that the 


continue to grow is perhaps because of 


would appear inability to 


some physical phenomenon or some 
other factor which is being overlooked. 

Whether the organisms of the present 
study may be related or similar to other 
nonsporulating anaerobic rods, some of 
which at times appear as long filaments, 
is uncertain. There is not sufficient data 
concerning characteristics to justify a 
close comparison with other groups of 
bacteria. In general, the colony appear- 
ance, inability to grow in successive 
transfers, and lack of detectable odors 
in Cultures are characteristics different 


from the majority of the anaerobic rods 


reviewed by Dack 

















GROWTH OF ORAI 


SUMMARY 


A simpie medium has been presented 
for the isolation and cultivation of non- 
branching filamentous mouth organisms. 
This medium, tryptose starch yeast ex- 
tract agar, supplemented with a little 
dextrose and CaCl, has at times main- 
tained these forms through eight trans- 
fers. The colonies of these forms can be 
readily identified by their morphology 
in spite of their small size. A few of the 
forms which have been isolated are pre- 
sented, both in colony and microscopic 
morphology. They correspond closely 
to those observed by some of the earlier 
workers in this field. In spite of the fact 
that success has not yet been achieved 


in maintaining these forms indefinitely 
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on laboratory mediums, this goal seems 
one step nearer since these forms have 
been isolated and carried in pure cul 
ture through several transfers 

Those cultures which have been 
maintained by the author over a period 
of tranfers remained anaerobic and all 
attempts to grow them under aerobic 
conditions failed. The cultures so main- 
tained also remained filamentous, both 
in colonial and microscopic morphology. 

The reason for failure to survive over 
a long period of time to permit a com- 
plete study of them has not as yet been 
ascertained. Cultures have been kept 
as long as the eighth transfer on several 
occasions with some being lost sooner, A 
which 


the 


few forms were observed never 


could be isolated from original 


plates. 











APYRASE IN PARTIALLY PURIFIED STAPHYLOCOCCAL 
ENTEROTOXIN 
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In the course of studying partially 
purified enterotoxin for some character- 
istic biochemical property, an apyrase 
activity was found in the preparations. 
Although this enzyme does not appear 
to be enterotoxin, the methods so far 
used for the purification of the toxin'? 
also concentrate the enzyme. 

The phosphatases liberating ortho- 
phosphate from adenylphosphates have 
been isolated from muscle,’* brain,® 
liver,® potato,*’ yeast,* Paramecium,’ 
snake venoms,’ and many other 
sources. Some of these enzymes are 
adenosinetriphosphatases and split only 
the terminal phosphate of adenosine- 
triphosphate; some are apyrases and 
liberate more than one phosphate group- 
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ing. The nucleotide pyrophosphatase of 
potato splits not only diphospho- 
pyridine nucleotides but also adeny!l- 
pyrophosphates." 

Studies of the apyrases of the true 
bacteria freed from the bacterial cells 
are limited. They have been obtained 
from a thermophile and Bacillus subtilis 
by the use of lysozyme’? and from 
Escherichia coli by grinding with alum- 
ina. However, the staphylococcal en- 
zyme is found in the culture mediums 
in which the staphylococcus has been 
grown. The enzyme liberates inorganic 
phosphorus from adenosine triphos- 
phate (ATP), adenosine diphosphate 
(ADP), adenosine-5-phosphate (AMP), 
and  diphosphopyridine nucleotide 


(DPN). 


MATERIALS AND METHODS 


The partially purified enterotoxins and the 
materials obtained by similar purification pro- 
cedures from non-enterotoxigenic strains of 
staphylococcus were used as the enzyme prepara- 
tions;* no specific attempt was made to purify 
the enzyme per se. The phosphatase activities of 
the preparations derived from different strains of 
staphylococcus varied considerably. The data 
presented in this paper are concerned with two 
samples showing high activity. Preparation A 
had a high enterotoxic potency and preparation B 
(derived from a different strain of organism than 
that from which A was obtained) possessed very 
low enterotoxicity as determined by the monkey 
feeding test. Preparation A was purified from the 
crude enterotoxin by zinc precipitation, chro- 
matography on alumina, and ethanol precipita- 
11. Kornberg, A. and Pricer, W. E., Jr. 1950, 

J. Biol. Chem, 182: 763-777. 
12. Militzer, W. and Tuttle, L. C. 1951, Arch. 
Biochem. 31: 416-423. 
13. Pardee, A. B. 1951, J. Gen. Physiol. 34: 619- 
626. 
* Prepared by Dr. Surgalla and Dr. Bergdoll. 
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tion, yielding 1.94 mg of lyophilized material per 
original 100 ml of crude enterotoxin. Preparation 
B was obtained by successive treatment of the 
crude toxin by acid precipitation, chromatogra- 
phy on alumina, and ethanol precipitation, and 
represented 0.824 mg/100 ml of original crude 
toxin.'? 

ATP and ADP were sodium salts and were 
Pabst Laboratories products, as were the AMP 
and DPN. 

lhe liberation of phosphate was determined in- 
directly by manometry (CO, production from a 
bicarbonate medium) or directly by the actual 
increase in inorganic phosphorus. The Warburg 
flasks contained (final volume of 3 ml) 0.047 M 
NaHCO,, 0.028 M KCl, 0.004 M MgCl,, 0.0165 
M cysteine, and toxin with the substrate in the 
side arm. No Mg** was used in experiments in- 
volving DPN. The cysteine, toxin, and substrate 
were dissolved and made to pH 8 just before use. 
The tests were run at 37 C after gassing with 
4.7% CO:+95.3% Nz» mixture and equilibrating 
a total of 30 minutes. The manometric method 
was less sensitive than the phosphorus deter- 
mination method. 

The reacting system for the direct method was 
the same as for the manometric method, except 
that 0.05 M glycyl-glycine buffer of pH 8.05 was 
substituted for the bicarbonate. All the reactants 
except the substrate were incubated together for 
30 minutes at 37 C before the addition of the sub- 
strate. Mixing during the final incubation was 
kept to a minimum. After the desired incubation 
periods, an aliquot of the reacting mixture was 
cooled in ice water and pipetted into the 10 N 
H,SO, used for the actual phosphorus deter- 
mination. For the blanks the substrate and the 
remainder of the reactants were incubated sep- 
arately, chilled in ice water, then mixed and 
pipetted into acid as rapidly as possible. 

Inorganic phosphorus was determined by the 
method of Martin and Doty,” as modified by 
Ernster et al.“ Trichloracetic acid gave incom- 
plete precipitation of the materials present in the 
enzyme preparation; the use of silicotungstate 
and the isobutanol-benzene extraction overcame 
this difficulty. Since cysteine was necessary for 
the reaction, the concentration of SnCl, was in- 
creased 2} times. The final concentration of 
cysteine was the same in ali tubes and color read- 
ings were made immediately after the addition 
of the SnCl-. 


There was some variation in the data, es- 


14. Martin, J. B. and Doty, D. M. 1949, Analyt. 
Chem. 21: 965-969. 

15. Ernster, L., Zetterstrom, R. and Lindberg, O. 
1950, Acta chem. Seandinav. 4: 942-947, 


pecially in the direct method. This was probably 
due to errors in the weighing of the enzyme since 
only 1 to 2 mg amounts were weighed out for 
each experiment in order to conserve the suppy 
of the enzyme preparations. However, with the 
exception of the data of figure 4, each experiment 
was done with a single weighing of the enzyme 
so that the amount of enzyme in different tubes 
of a given experiment was constant. 


RESULTS 


The enzymatic dephosphorylatin of 
ATP is dependent on the presence of 
cysteine. Reduced glutathione is not 


as effective an “‘activator’’ as is cystine 
(fig. 1) and ascorbic acid (manometric 
experiments) is ineffective. This prefer- 
ential activation by cysteine of the 
staphylococcus enzyme is different from 
the brain phosphatase acting on ATP 
and inorganic pyrophosphate® and of 
native myosin acting on ATP,” where 
cysteine and glutathione seem to be 
equally effective. These results and the 
fact that the glycyl-glycine buffer in- 
creases the activity of the enzyme sug- 
gest the possibility that the cysteine is 
not acting as a reducing agent in the 
case of the staphylococcal enzyme but 
blocks some inhibitor present in the en- 
zyme preparations. 

The enzyme acting on ATP has a 
sharp optimum between pH 8.0 and 8.1. 
The presence of 0.028 M KCl resulted 
in greater activity, preparation A show- 
ing a relatively larger response to KCI 
than preparation B (fig. 2). 

The enzymatic activity is not de- 
pendent on an exogenous source of cat- 
ions. However, Mgt* and Cot* (0.004 
M) and possibly Ca** have some ac- 
tivating effect. On the other hand, the 
addition of the chelating agent disodium 
versenate (disodium salt of ethylene 
diamine tetraacetic acid) suppressed 
the ATPase reaction. Since the enzyme 
preparations are dialyzed against water, 


16. Ziff, M. 1944, J. Biol. Chem. 153: 25-29. 
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X10"M CYSTEINE OR GLUTATHIONE 


Fic. 1.—Activation of enzyme by cysteine and glutathione. wg P/30 min/3 ml reaction mixture. 
With 10 wmoles ATP and preparation A (0.1 mg): @——-@ glutathione, O— 


O cysteine; prepara- 
tion B (.08 mg): A——A glutathione, A——A cysteine. 
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originally containing 10 ymoles ATP. KCl =0.028M when present. Preparation A: O 
KCI, @ @ with KCI; preparation B: A A without KCl, A A with KCI 


O without 


these results suggest that the cation 


may be bound in the enzyme prepara- 
tion; 0.004 M Zn** is inhibitory; the 
addition of 0.004 M Mg** to a system 
containing the same concentration of 





Zn** does not restore the original activ- 
(0.002 M), even in the 
presence of 0.004 M Mg**, inhibits the 
enzyme (table 1). 


ity. Fluoride 


The velocity of reaction exhibits a 
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Tasie 1.—Effect of 0.004 M divalent cations (as 
Cl), 0.004 M versene, and 0.002 M KF on ATPase 
activity. Micrograms phosphorus /30 min/3 ml re- 
action mixture. Preparation A =0.125 mg, prep- 
aration B «0.1 mg, 10 sane ATP. 


Micrograme phosphorus 


Additions 
Preparation a Preparation B 

None 55 9 
Mg 87 110 
Ca 67 102 
Mg +Ca 74 115 
Mn 55 KS 
Mg+Mn 65 115 
Za 9 4 
Mg+Zn 20 29 
Fe 53 ow 
Ms +Fe 57 86 
71 107 
Me +Co 61 a9 
Mg+F- 0 “ 
0 


Versene 0 


nearly linear relationship to the concen- 
tration of enzyme when the concentra- 
tion of substrate (ATP) is kept con- 
stant (fig. 3). The apyrase of Esch. coli 
does not exhibit this relationship.” 
There is some indication that the rate 
of reaction shows a slight increase after 
the initial few minutes of incubation, 
especially if the ATP concentration is 
high. This is probably due to the forma- 
tion of ADP from the ATP by the re- 
moval of one phosphate group, the ADP 
then becoming a substrate for the 
enzyme, 

The staphylococcal enzyme is not 
specific for ATP alone. ADP is dephos- 
phorylated at a rate slightly slower than 
ATP when 10 pwmoles are used. 
ever, 


How- 
the saturation of the enzyme 
occurs at a lower molar concentration 
with ATP than with ADP. With both 
substrates an increase in substrate con- 
centration above the smallest amount 
necessary to give maximum reaction 
velocity tends to suppress the reaction 
(fig. 4). Using the data of figure 4, the 
Qp values* are as follows: preparation 
A (9.85% N) with ATP = 1500 and with 
ADP =3200; preparation B (13.89% 
N) with ATP = 2500 and with ADP = 
4300. 





*Qpwul of H,PO, split off per mg protein 
per hr at 38 C.* Values given represent tests run 
at 37 rather than 38 C. 
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TABLE 2.—Identity of enzyme dephosphorylating 
ATP and ADP. Micrograms phosphorus/30 
min/3 ml reaction mixture when enzymes are in- 
cubated with saturation concentration of 
substrates. 


Mic rograms phosphorus 





Substrate 


Preperation Preparation 
AN B 
ATP (12.5 pmoles) 74 133 
ADP (25.0 moles) 173 233 
ADP (5.0 a +ATP 


(12.5 wmoles) 166 228 


The dephosphorylation of ATP and 
ADP is probably due to the action of 
the same enzyme and not due to two 
different enzymes which are specific for 
ATP and ADP, respectively. When the 
enzyme preparations are incubated with 
saturation concentrations of ATP and 
ADP together, the phosphorus liberated 
is approximately that produced from the 
same concentration of ADP alone (table 
2). On the other hand, if two separate 
enzymes are dephosphorylating ATP 
and ADP, respectively, then the phos- 
phorus produced from the combined 
substrates should be equal to the sum of 
the phosphorous liberated from ATP 
and ADP separately. 

The enzyme also has a 5-nucleotidase 
activity. When the enzyme preparations 
are incubated with AMP and ADP, 
separately and together, the increase in 
orthophosphate from the combined 
substrates is slightly less than that from 
ADP alone (table 3). By the reasoning 
already presented, this suggests that 
only one enzyme is acting on the two 
substrates, 


TABLE 3.—Identity of enzyme acting on AMP and 

ADP. Micrograms phosphorus/30 min/3 ml re- 

action mixture when enzymes are incubated with 
AMP and ADP, separately and together. 








“Micrograma phosphorus 


| Preparation Preparation 





Substrate 





AMP (S smoles), 21 “2 
ADP (15 gsmoles) 110 140 

AMP Een +A (16 
109 138 
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INCUBATION 


Reaction velocity with constant ATP concentration (10 smoles in 3 ml) and increasing 


concentration of enzyme (preparation A). wg P/3 ml reaction mixture. 


DPN is also a substrate for the en- 
zyme: dephosphorylating ATP, ADP, 
and AMP. Experiments analogous to 
that used to establish the identity of the 
enzyme acting on ATP and ADP are 
summarized in table 4. 

The effect of the cations and fluoride 
ion on the degradation of DPN is dif- 
ferent than when ATP is being dephos- 
phorylated. KF, even at 0.028 M, is 
much less inhibitory and 0.004 M Mg**, 


instead of enhancing the _ reaction, 
slows the action on DPN. Versene in 
0.008 M concentration 
(table 5). 


This varying effect of metal ions and 


is an inhibitor 


inhibitors when one enzyme acts on 
several substrates has also been shown 
for the potato nucleotide pyrophospha- 
tase." 

The point of attack of the coenzyme 


molecule by the staphylococcal enzyme 
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MICROMOLES ATP OR ADP 


Fic. 4.—Effect of substrate concentration on reaction velocity with constant concentration of 
enzyme. wg P/30 min/3 ml reaction mixture. Preparation A (0.125 mg): @ @ with ATP, O 


with ADP; preparation B (0.1 mg): A———A with ATP, A-——A with ADP. Composite of three 
experiments. 
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TABLE 4.—Identity of enzyme acting on ADP and 

DPN. Microliters CO, produced when enzymes 

(0.4 mg) incubated with ADP and DPN, separately 
and together in 3 ml volume. 


wl carbon dioxide /hr 


Substrate 


Preparation Preparation 
f B 


ADP (25 umoles) 245 256 
DPN (5 smoles) 110 104 
ADP (25 smoles) +DPN 

(5 umoles) 250 263 
TABLE 5.—Effect of KF, Mg*t*+, Zn**, versene: 


and nicotinamide on the breakdown of DPN. En- 
zymes =0.5 mg and DPN=5 ymoles per 3 mil 
reaction mixture 


wl carbon dioxide /hr 


Additions 


Preparation Preparation 
A 


None 132 133 
Me" (0.004M) 59 95 
KF (0.028M) 116 126 
Versene (0.004 M) 0 19 
Zn** (0.004M) 5 

Nicotinamide (0.1M 139 144 


was not definitely determined. However 
since there was no change in the optical 
density when the cyanide test'’ was per- 
formed, the nicotinamide-ribose linkage 
must be left intact. The result of the 
cyanide test is in agreement with the 
absence of inhibition by nicotinamide 
(table 5), DPN nucleosidase (cleavage 

between nicotin- 
amide and the rest of the DPN mole- 
cule) being inhibited by nicotinamide."* 


of glycosidic bond 


The mole equivalents of acid pro- 
duced (as COs.) is greater than the mole 
equivalents of DPN used in the experi- 
ment (table 6). This indicates that the 
cleavage of DPN results in the forma- 
tion of at least two new acid groups, one 
or all of which being weak and not com- 
pletely dissociated at the pH of the ex- 
periment.’* The liberation of inorganic 


17. Colowick, S. P., Kaplan, N. O. and Ciotti, 
M. M. 1951, J. Biol. Chem. 191: 447-459. 

18. Kornberg, A. and Lindberg, O. 1948, J. Biol. 
Chem. 176: 665-677 

19. Chain, E. 1939, Biochem 


J. 33: 407-411 
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TABLE 6.—Mole equivalents of acid (as CO») and 
inorganic phosphorus produced when0.5 mg. enzyme 


incubated with 5 wmoles DPN 


Enzyme pmoles CO, pmoles P 
Preparation A 5.89 5.20 
Preparation B 5.94 4.85 


phosphorus confirms the disruption of 


at least two linkages of the DPN 
molecule. 

Since the enzyme dephosphorylates 
AMP, it is probable that the pyrophos- 
phate bond of the coenzyme is cleaved 
and the AMP thus produced is de- 
phosphorylated. In no instance was 
more than 5.2 uymoles of orthophosphate 
produced from 5 yzmoles of 95% purity 
DPN. This excludes the possibility of 
ADP formation, since then 2 moles of 
phosphate should be produced from 1 
mole of DPN. 

The dephosphorylation of other phos- 
phate esters is minor compared to that 
of ATP and ADP (table 7). Whether 
the action on these other substrates is 
due to the same enzyme as that acting 
on ATP and ADP or due to separate 
enzymes has not been ascertained. 


- 


TABLE 7 
Substrates 


Dephos phorylation of phos phate esters, 


10 wmoles in 3 ml reaction mixture 


pmoles P/mg toxin/hr in 3 ml 


pmoles P/mg/hr 


Substrate 


Preparation Preparation 


Adenosine triophosphate 47.0 74.5 
Adenosine-3-phosphate 5.6 1.2 
Sedium pyrophosphate 0 4.3 
Sodium-#-glycerophosphate 2.3 0 

Glucose. 1-phosphate 0.4 4.4 
F ructose-1-6- phosphate 0.4 0.2 
Phenyl! disodium phosphate 0 0 


DISCUSSION 


In view of the almost universal dis 
tribution of ATPase and apyrase type 
enzymes in living cells, the finding of an 
apyrase type of enzyme of staphylo- 
coccus is not surprising. Hitherto, cell- 
free been ob- 


bacterial have 


apyrase 
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tained by disrupting the cells with 
lysozyme” or by grinding with 
alumina.” The staphylococcal enzyme 
has been concentrated from the culture 
medium in which the organism has been 
grown after removal of the cells by 
centrifugation. Whether this is due to 
the liberation of the enzyme by autol- 
ysis or by secretion is unknown. The en- 
zymatic activity seemed higher when 
the partially purified enterotoxin which 
contains the enzyme was processed 
from a large volume of growth fluid 
than from a small volume. 

Although the methods used so far in 
the purification of enterotoxin also con- 
centrate the enzyme, the apyrase does 
not seem to be enterotoxin. There is no 
correlation between the enzymatic ac- 
tivity and the enterotoxigenicity. More- 
over, the apyrases of the preparations 
derived from enterotoxigenic and non- 
enterotoxigenic strains show no essential 
differences in the properties studied. 

In the detection of enterotoxin par- 
enteral introduction of the material in- 
to test animals is sometimes used.” 
The presence of the apyrase activity in 
these enterotoxin preparations would 
seem to be another reason for avoiding 
this method, unless the apyrase can be 
specifically inactivated or removed 
without affecting the enterotoxin. The 
intravenous injections of some of the 
available enterotoxin preparations into 
cats have produced shock-like syndrome 


20. Dack, G. M. 1949, Food Poisoning, revised 
ed,, University of Chicago Press 
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and even death.” This toxicity may 
possibly be due to the apyrase since 
some of the symptoms of snake venom 
poisoning have been ascribed to the en- 
zymes breaking down adenylphosphates 
and DPN.” 

The gel-diffusion precipitin technic 
shows the presence of a number of anti- 
gens in the enterotoxin preparations”; 
this indicates that the preparations have 
contaminating substances. One of the 
antigens is probably the apyrase, since 
the enzymatic activity can be neutral- 
ized with immune serum”. Some of the 
other antigens probably account for the 
effect of the enterotoxin preparations on 
several other enzymatic and pharmaco- 
logical test systems”; however, none of 
these effects can be ascribed to the 
enterotoxin itself. 


SUMMARY 


An apyrase type enzyme of staphylo- 
coccus has been shown to liberate in- 
organic phosphorus from adenosine 
triphosphate, adenosine diphosphate, 
adenosine-5-phosphate, and  diphos- 
phopyridine nucleotide. The enzyme is 
concentrated by the methods being 
used in the purification of enterotoxin 
but is not the enterotoxin itself. 


21. Unpublished data. 

22. Zeller, E. A. 1951, The Enzymes, edited by 
J. B. Sumner and K. Myrback, Academic 
Press. 

23. Surgalla, M. J., Bergdoll, M. S. and Dack, 
G. M. 1952, J. Immunol. 69: 357-365. 

24. Surgalla, M. J., Bergdoll, M. S. and Dack, 
G. M, 1954, J. Immunol. 72: 398-403. 
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tained by disrupting the cells with 
lysozyme” or by grinding with 
alumina.” The staphylococcal enzyme 
has been concentrated from the culture 
medium in which the organism has been 
grown after removal of the cells by 
centrifugation. Whether this is due to 
the liberation of the enzyme by autol- 
ysis or by secretion is unknown. The en- 
zymatic activity seemed higher when 
the partially purified enterotoxin which 
contains the enzyme was processed 
from a large volume of growth fluid 
than from a small volume. 

Although the methods used so far in 
the purification of enterotoxin also con- 
centrate the enzyme, the apyrase does 
not seem to be enterotoxin. There is no 
correlation between the enzymatic ac- 
tivity and the enterotoxigenicity. More- 
over, the apyrases of the preparations 
derived from enterotoxigenic and non- 
enterotoxigenic strains show no essential 
differences in the properties studied. 

In the detection of enterotoxin par- 
enteral introduction of the material in- 
to test animals is sometimes used.”° 
The presence of the apyrase activity in 
these enterotoxin preparations would 
seem to be another reason for avoiding 
this method, unless the apyrase can be 
specifically inactivated or removed 
without affecting the enterotoxin. The 
intravenous injections of some of the 
available enterotoxin preparations into 
cats have produced shock-like syndrome 


20. Dack, G. M. 1949, Food Poisoning, revised 
ed., University of Chicago Press. 
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and even death.” This toxicity may 
possibly be due to the apyrase since 
some of the symptoms of snake venom 
poisoning have been ascribed to the en- 
zymes breaking down adenylphosphates 
and DPN.” 

The gel-diffusion precipitin technic 
shows the presence of a number of anti- 
gens in the enterotoxin preparations”; 
this indicates that the preparations have 
contaminating substances. One of the 
antigens is probably the apyrase, since 
the enzymatic activity can be neutral- 
ized with immune serum”. Some of the 
other antigens probably account for the 
effect of the enterotoxin preparations on 
several other enzymatic and pharmaco- 
logical test systems*'; however, none of 
these effects can be ascribed to the 
enterotoxin itself. 


SUMMARY 


An apyrase type enzyme of staphylo- 
coccus has been shown to liberate in- 
organic phosphorus from adenosine 
triphosphate, adenosine diphosphate, 
adenosine-5-phosphate, and  diphos- 
phopyridine nucleotide. The enzyme is 
concentrated by the methods being 
used in the purification of enterotoxin 
but is not the enterotoxin itself. 

21. Unpublished data. 

22. Zeller, E. A. 1951, The Enzymes, edited by 
J. B. Sumner and K. Myrback, Academic 
Press. 

23. Surgalla, M. J., Bergdoll, M. S. and Dack, 
G. M. 1952, J. Immunol. 69: 357-365. 

24. Surgalla, M. }., Bergdoll, M. S. and Dack, 
G. M. 1954, J. Immunol. 72: 398-403. 
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